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FRICTIONAL PROPERTIES 
OF OIL-SEAL MATERIALS. 
By P. G. Forrester, M.Sc., A.I.M. 


Tue frictional conditions which prevail at the 
contact between an oil-seal lip and the rotating land 
are essentially different from those in a journal 
bearing. In a properly designed journal bearing 
the clearance between bearing and journal allows 
a wedge of lubricant to form, which carries the load, 
and, under normal operating conditions, completely 
separates the bearing and journal surfaces.. In an 
oil seal, on the other hand, there can be no such 
deliberate provision for an oil film, though there is 
doubtless some degree of fluid lubrication between 
lip and land resulting from the formation of minute 
oil wedges at surface imperfections. A considerable 
amount of boundary friction must also be expected 
to occur, and, as is well known, the properties of 
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the sliding surfaces exercise a considerable influence 
on boundary friction. The frictional properties of 
oil-seal materials under boundary lubrication condi- 
tions must, therefore, be an important factor in 
their performance. High friction will result in large 
power loss and high local temperatures (which may 
adversely affect the properties of the material), and 
is likely to be associated with high rates of wear. 
This article describes an investigation of this aspect 
of oil-seal material performance. In assessing the 
relative merits of oil-seal materials, other factors 
must, of course, also be considered, but it is believed 
that the results presented may be of value in inter- 
preting the results of practical tests and of experience 
of performance in service. 

It has been noted that, at practical velocities, oil 
seals are likely to be subjected to mixed boundary 
and fluid friction. This is the case whenever lubri- 
cated surfaces slide together at considerable velo- 
cities with no deliberate provision for an oil wedge 
toform. In such circumstances the friction encoun- 
tered is a function partly of the sliding materials 
and the lubricant, and partly of the geometry of 
the surfaces. In order to obtain experimentally a 
value of the friction which is truly characteristic 
of the materials and the lubricant, it is necessary to 
obtain a close approximation to pure boundary 
conditions; the only reliable means at present 
available of obtaining such conditions is by the use 
of low sliding velocities and restricted areas of 
contact. It is then necessary to examine the form 








of the friction/velocity relationship in order to apply 
the results of low-velocity experiments to mechan- 
isms operating at higher velocities. 

In this investigation an apparatus was employed 
which utilises restricted areas of contact and low 


sliding velocities. It has been fully described in a 
previous paper.* Fig. 1 is a reproduction of a 
photograph of the instrument, and Figs. 2 and 3 
show its construction diagrammatically. The 
specimens used consist of an annular plate, a, of the 
one material and three round-ended sliders of the 
other. The plate is placed on a horizontal table b, 
which may be rotated about its centre by a worm 
drive d. The table may be heated electrically by 
an internal winding. The sliders are rigidly fixed 
in a specimen-holder e and form the corners of an 
equilateral triangle, the centre of which is directly 
above that of the annular plate. The length of the 
sliders protruding from the specimen holder may be 
adjusted by the screws f. The round ends of the 
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sliders rest on the upper surface of the plate, near 
its periphery. The weight of the holder and speci- 
mens constitutes the normal load, which may be 
supplemented by the addition of a further weight 
attached to the centre by the wire m. When the 
annular plate is rotated, a couple is exerted on the 
specimen holder by reason of the frictional force 
between the plate and the three sliders. This 
couple is counteracted by a couple applied in the 
opposite direction by means of cords n passing 
over pulleys to a deadload which may be varied 
by a water-siphoning system. Movement of the 
specimen holder is indicated by a sensitive mirror- 
and-scale method. In operation, the annular plate 
is set in rotation at the required velocity and the 
variable deadload adjusted till there is no movement 
of the specimen holder, indicating that the frictional 
couple and balancing couple are equal. From the 
value of the friction-balancing deadload the coeffi- 
cient of friction may be calculated. The spring k 
and the screws 1 provide a supplementary friction- 
balancing system not used in the present experi- 
ments. Relaxation oscillations of the specimen- 
holder are suppressed by a damping system con- 
sisting of pistons A attached to the holder and 
moving in cylinders j with a small clearance, so 
that at each velocity a steady value of the coefficient 
is observed. 





_* B. Chalmers, P. G. Forrester and E. F. Phelps, 
Proc. Roy. Soc. A., vol. 187, pages 430-439 (1946). 











Specimens were prepared as follows: the steel 
plates were placed on the faceplate of a lathe and 
ground with successively finer grades of emery 
cloth down to grade O. The emery dust was then 
removed by washing with soap and water, then with 
distilled water, and drying with acetone. Pieces of 
cloth, from which all grease had been removed by 
prolonged extraction with benzene, were then 
soaked in the lubricant to be used, and the plate 
polished with these. The final grinding and washing 
process was repeated for each experiment. This 
standard preparation was used in all experiments 
except those in which the effect of surface finish 
was specifically investigated. 

The sliders, of leather or synthetic rubber, had to 
be designed to fulfil two main requirements. First, 
that the grain surface of the leather or the smooth 
surface of the rubber should be used; secondly, 
that the area of contact should be restricted (to 
reduce the possibility of fluid film formation). The 
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procedure adopted was to slice strips from the sea 
material about 0-04 in. thick, 0-1 in. wide, and 
0-5 in. long. These were bent over the rounded 
end of a small brass plug, and held in position by a 
}-in. diameter brass tube. This arrangement 
satisfies the requirements mentioned above, but 
has one disadvantage. The test surface is in 
tension and may be liable to crack in the case of a 
hard leather. 

The oil seal materials used were four types of 
leather (‘‘ oak,” “‘ chrome,” and two Retan leathers, 
A and B); and two types of synthetic rubber 
(Neoprene-base and Hycar-base). Three lubricants 
were used of standard service grades, namely, 
30 H.D.—a crankcase lubricant of S.A.E. 30 vis- 
cosity grade, containing detergent and anti-oxidant 
additives ; Hypoid 90—a gear oil with sulphur and 
chlorine additives, viscosity about 270 Redwood 
No. 1 seconds at 140 deg. F.; and C. 600—a thick 
gear oil with 10 per cent. rape oil, viscosity about 
600 Redwood seconds at 140 deg. F. The coefficient 
of friction is likely to be affected by the following 
variables # (1) oil-seal material; (2) lubricant ; 
(3) surface finish of mild-steel specimen ; (4) velo- 
city; (5) amount of “running-in”; (6) normal 
load ; and (7) temperature. 

To this list must be added one other variable, the 
possible effect of which was not realised until after 
sara experiments had been made. These 

experiments showed that markedly 
different results were obtained when the flat speci- 
men was covered by a pool of lubricant from those 





obtained when only a wiped film was present. 
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Since conditions occurring in practice might, in 
different circumstances, correspond more closely to 
one or the other of these conditions, it a 
desirable that the effect of this variable should also 
be investigated. The complete investigation of the 
effect of each variable independently would require 
an impracticably large number of experiments. 
The general procedure was therefore to study fairly 
completely the effect of each variable for one set of 
conditions and to supplement the information so 
obtained with sufficient further experiments to 
enable general conclusions to be drawn, The 
effects of velocity and of amount of running-in 
were examined fully for each set of conditions, for 
these two variables can be investigated in the 
course of a single experiment. 

Tests were first made on all the materials with 
30 H.D. as lubricant, at room temperature, with a 
normal load of 2 kg. and with the standard surface 
finish of the steel specimen. These tests showed 
that three of the leathers, namely, chrome, Retan A, 
and Retan B, gave very similar results ; accordingly 
chrome and Retan B were not tested with Hypoid 90 
and C.600. The effect of raising the temperature to 
100 deg. C. was then examined, in the first place, for 
Retan A and Neoprene-base with 30 H.D, As the 
effect was found to be considerable, the tests were 
extended to cover oak, both types of synthetic 
rubber and Hypoid 90 as lubricant. The effect 
of surface finish of the steel was examined for oak, 
Retan A, and Neoprene-base rubber with 30 H.D. 
as lubricant and at room temperature. 

The majority of the tests were made with both 
“pool” and “film” lubrication. For” “ film ” 
lubrication the washed and dried steel specimen was 
polished with a degreased cloth soaked in the lubri- 
cant to be used. For “ pool ” lubrication the same 
procedure was adopted, but afterwards sufficient 
fresh lubricant was added to form rapidly a complete 
pool of lubricant on the specimen. At room tem- 
perature a reasonably deep pool remained on the 
plate for the duration of the experiment, but at 
100 deg. C., owing to the reduced viscosity, the lubri- 


Fig.5. 
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100 deg. C., a shallow channel was machined in the 
steel specimen. The bottom of this channel, which 
was prepared in the usual way, served as the fric- 
tional surface, the walls retaining the lubricant, 
All tests were made in duplicate, and satisfactory 
agreement was obtained between the two results, 
except in two cases to be referred to later. In these 
cases, two further experiments were made. The 
values of the coefficient of friction given in the tables 
represent the mean of the values obtained in the 
two experiments. In the diagrams, however, 
curves for single experiments are given, for the 
plotting of mean values sometimes results in distor- 
tion of the shape of the curve. 

Measurements of the coefficient at the lowest 
available velocity (0-01 cm. per second) were gener- 
ally not made for the synthetic-rubber specimens at 
room temperature, for early experiments with these 
materials had disclosed a rather interesting pheno- 
menon. It was found that when the velocity was 
changed from one value to a lower, a definite time 
was necessary for the coefficient to reach a steady 
value. This time was very small after changing 
from 0-44 to 0-15 cm. per second, and about half a 
minute after changing from 0-15 to 0-051 cm, per 
second, but on changing from 0-051 to 0-01 cm. 
per second, the coefficient had not reached a steady 
value after ten minutes. Several experiments were 
made to examine this effect, and Fig. 4 shows the 
result of one such experiment. The material is 
Neoprene-base rubber and the lubricant 30 H.D. 
The system was sufficiently “‘ run-in” for normal 
changes with further revolutions to be small. One 
curve shows the change in the coefficient after the 
speed was reduced from 0-44 to 0-01 cm. per second 
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The other curve shows the change taking place 
after running at 0-44 cm. per second, allowing to 
remain stationary for five minutes, then running at 
0-01 cm. per second. In this case the rise is less, 
but still well-marked, The same effect was 
observed in certain cases with leather sliders, but 
here the changes involved are very much smaller, 
At 100 deg. C., the changes took place much more 
rapidly, so that determinations at the lowest velocity 
were practicable, 

Experimental results are shown in the form of 
tables giving the coefficient of friction at the lowest 
and the highest test velocities. Since there is 
frequently a considerable difference between the 
friction at the two velocities, a number of curves 
have also been plotted to show the form of the 
friction/velocity characteristic in particular cases. 
In most cases, these curves show little change in 
friction over the upper part of the velocity range, 
so that the high-velocity value quoted is likely to 
be fairly representative of the boundary friction at 
practical velocities (the actual friction in an oil seal 
will be lower owing to fluid-film effects). Itis largely 
on the basis of these high-velocity values that com- 
parisons are made, The low-velocity value, how- 
everg cannot be neglected altogether. First, any 
mechanism must pass through a low-velocity range 
in starting or stopping, and under these conditions a 
high proportion of boundary friction occurs. 
Secondly, a sharp drop in friction with increasing 
velocity may, as Blok* has shown, give rise to “‘ stick- 
slip ” oscillations of the frictional members, Stottt 
states that such oscillations of the seal lip do, in 
fact, take place, The most favourable type of 
friction/velocity relationship is therefore one showing 
a low value of friction over the whole velocity range. 

The results of experiments at room temperature 
are shown in Table I, opposite. With 30 H.D. as 
lubricant, chrome, Retan A and Retan B leathers 


O-2 0-3 
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* H. Blok, World Automotive Eng. Congress, New 
York, May, 1939. 

t T. OC. Stott, Proc. Inst, Auto. Eng., vol. 38, pages 
161 to 187 (1943-44). 
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all behave in a very similar manner, illustrated in 
Fig. 5 (pool) and Fig. 6 (film) by friction/velocity 
curves for Retan A taken initially and after 5 and 
160 revolutions. With ‘‘ pool” lubrication the initial 
curves show that friction rises slightly with increas- 
ing velocity. As running-in occurs the low-speed 
friction rises sharply, while the high-speed friction 
also increases slightly. With considerable running- 
in, the curve shows that the friction falls with in- 
creasing velocity over the whole range. With 
“film ” lubrication the behaviour is very different. 
The initial curves are similar to those obtained with a 
pool of lubricant, but on running-in, the friction is 
reduced at all but the lowest velocity. The run-in 
curves are thus substantially flat and considerably 
lower than with pool lubrication. The differences 
between the behaviour with “pool” and with 
“film ” lubrication are shown in Fig. 7, opposite, in 
which the coefficients at 0-01 and 0-44 cm. per 
second are plotted against number of revolutions. 
Oak leather behaves similarly, but in this case with a 
pool of lubricant the low-speed friction rises even 
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maintained on running-in, the only effect of which 
is to reduce slightly the friction at all velocities. 


Under “film” conditions the initial curves are 
similar to those obtained with a pool of lubricant, 
but on continued running-in there is a large rise in 
friction. Hycar-base rubber is very similar in its 
behaviour. The only difference is that in this case 
there is a slight increase instead of a decrease in 
friction on running-in with a pool of lubricant. 


TABLE I.—CoEFFICIENTS OF FRICTION OF O1L-SEAL MATERIALS. 
Tests at room temperature (18 deg. O.) and with standard surface preparation of mild steel (circumferentially 


emery-ground). 


Figures represent the means of two determinations. 




















Pool of Lubricant. Film of Lubricant. 
Lubricant. Material of Sliders, Tnitial. After 160 revs. Initial. After 160 revs. 
0-05 0-44 0-05 0-44 0-05 0-44 0-05 0-44 
Cm. * sec, Cm. oT sec Cm. per sec. Cm. » sec, 
Oak os 0-116 0-105 0-201 0-088 0-076 0-090 0-059 0-057 
Chrome ., 0-085 0-108 0-245 0-129 0-066 0-092 0-069 0-060 
30 B.D RetanA.. 0-084 0-115 0-211 0-152 0-078 0-100 0-067 0-064 
rT Retan B.. ee ..| 0-074 0-116 0-238 0-156 0-069 0-115 0-067 0-058 
Neoprene-base rubber ..| 0-093 -029 0-066 0-019 0-072 0-025 0-104 0-072 
Hycar-base rubber 0-076 0-029 0-124 0-033 0-092 0-049 0-130 0-058 
Oak oe - 0-056 0-074 0-163 0-059 0-080 0-093 ‘= 0-057 
Hypoid 90 RetanA.. xa ..| 0-079 0-102 0-199 0-092 0-055 0-081 0- 0-053 
Neoprene-base rubber ..| 0-050 0-020 0-038 0-013 _— a _ -- 
Hycar-base rubber 0-093 0-035 0-072 0-016 — — — _ 
.600 { Retan A .. a -.| 0-066 0-080 0-122 0-085 0-063 0-069 0-047 0-042 
; chy Neoprene-base rubber ..| 0-030 0-020 0-028 0-014 0-033 0-017 0-059 0-059 
































more sharply on running-in, while the high-speed 
friction falls slightly. The “pool” and “ film” 
curves for this material are shown in Figs. 8 and 9, 
respectively. In general, the synthetic rubbers 
have much lower coefficients than the leathers 
and are affected to a far less extent by running- 
in under “pool” conditions. The curves for 
Neoprene-base rubber are shown in Figs. 10 and 
11, opposite, for “pool” and film conditions, 
respectively. With fresh surfaces, the friction 
falls with increasing velocity, reaching low values 
at the highest velocity; this shape of curve is 





It is thought probable that the rise in low-speed 
friction of the leathers associated with the use of a 
pool of lubricant is due to the dissolution of the 
impregnants, which then become too dilute to be 
effective. If this is the case it must follow that the 
impregnants are particularly efficient . low-speed 
lubricants. The rise in the observed coefficient of 
synthetic rubber with a film of lubricant is almost 
certainly due merely to the wiping away of the 
lubricant from the track of each slider, Under 
** pool” conditions fresh lubricant flows on to the 
track behind the slider, repairing the boundary film, 
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but under “‘ film ” conditions the flow of fresh lubri- 
cant on to the track would be much slower and 
lubrication consequently very imperfect. This effect 
would not be expected to occur with leather, which is 
porous and hence has a reserve of lubricant. Results 
obtained with synthetic rubber under “film ” con- 
ditions were very erratic, as might be expected, for 
no attempt was made to control accurately the depth 
of the “‘ wiped film,” nor to ensure its even distribu- 
tion over the surface. After sufficient tests had 
been made to show that a sharp rise in coefficient 
always occurs on running-in under “film” condi- 
tions, “film” tests with synthetic rubber were 
discontinued, 

With Hypoid 90 and C.600 as lubricants, the 
results obtained were, in general, similar to those 
for 30 H.D. In all cases there is the same marked 
difference between “pool” and “film” results 
with the leathers. The following minor differences 
concerning the three lubricants appear to be signi- 
ficant : (1) the friction with Hypoid 90 is generally 
rather lower than with 30 H.D., the only exception 
being the low-speed run-in value for Retan A, 
which is slightly higher; (2) the friction with 
Hycar-base rubber increases on running-in with 
30 H.D., but decreases with Hypoid 90, which 
appears, therefore, to be the better lubricant for 
this material; (3) the friction with C.600 is lower 
than with either 30 H.D. or Hypoid 90 in the case 
of tests with Retan A, and about the same as 
Hypoid 90 in the tests on Neoprene-base rubber ; 
(4) with C.600 the low-speed friction of Retan A 
increases much less than with 30 H.D. or Hypoid 90 
on running-in with a pool of lubricant. Curves for 
Retan A with C.600 are shown in Fig. 12, opposite, 

The results of these tests at 100 deg. C. are shown 
in Table II, on page 124. With both leathers and 
30 H.D. as lubricant the friction with fresh surfaces 
is of the same order as at room temperature, though 
the shape of the friction/velocity curves differs 
slightly (Figs. 13 to 16, on this and the opposite 
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pages). Figs. 13 and 15 relate to pool conditions 
and Figs. 14 and 16 to film conditions. Running- 
in with a pool of lubricant has, however, a more 
adverse effect than at room temperature. The 
high-speed friction is increased and the friction/ 
velocity curve develops a slight upward slope, 
implying that still higher values of the coefficient 
may be expected at velocities above the test range 
(Figs. 13 and 15). The low-speed friction is reduced 
by running-in (in contrast with the rise observed at 
room temperature), but this advantage is out- 
weighed by the increase in the high-speed friction. 
With a pool of Hypoid 90, running-in increases the 
friction at all velocities, but the curve does not 
develop an upward slope (Fig. 17, page 123). With 
@ film of lubricant the effect of running-in on the 
leathers is similar to that at room temperature, i.e., 
there is a general slight fall in friction (Figs: 14 
and 16). 

With the synthetic rubbers, the friction at the 
higher velocities is always much higher than at room- 
temperature ; further, the friction/velocity curves 





was entirely different from the other three, showing 
a series of undulations of relatively long wavelength 
with little evidence of any micro-roughness. 

The effect of changing the finish is to change the 
general level of the coefficient without greatly influ- 
encing either the shape of the friction/velocity curves 
or the changes which take place on running-in. 
Friction/velocity curves after 320 revolutions are 
shown in Figs. 19, 20 and 21, page 123, for Retan A 
and oak leathers and Neoprene-base rubber, respec- 
tively. In these diagrams M = machined, C.E. = 
emery ground circumferentially, R.E. = emery 
ground radially, and P = polished. 

It will be seen from the curves that, of the 
materials tested, the effect of surface finish is great- 
est for Neoprene-base rubber and least for Retan A, 
oak being intermediate between the two. With 
Retan A the observed differences are barely signifi- 
cant. With oak and synthetic rubber the surface 
finishes are placed in the same order, namely, 
polished, circumferentially emery-ground, machined 
and radially emery-ground, in order of increasing 


TABLE I1.—CoEFFICIENTS OF FRICTION OF O1IL-SEAL MATERIAIS. 


Tests at 100 deg. C. and with standard surface preparation of mild steel. 


(Circumferentially emery-ground). 


Figures represent mean of two determinations, except those marked with an asterisk, which are the mean of 
four determinations. 























Pool of Lubricant. Film of Lubricant. 
Lubricant. Material of Sliders. Tnitial. After 160 revs. Initial. After 160 revs. 
0-05 0-44 0-05 0-44 0-05 0-44 0-05 0-44 
Cm. per sec. Cm. per sec. ——r Cm. per sec. 
Oak i oe -.| 0-148 0-134 0-111 0-158 0-127 0-113 0-119 0-077 
Retan A .. - --| 0-127 0-106 0-126 0-142 0-138 0-112 0-118 0-090 
30 H.D. Neoprene-base rubber ..| 0-073* 0-135° 0-093* 0-117* -- -- -- — 
Hycar- base rubber -| 0-086" 0-111° 0-117* 0-155* 0-095 0-084 0-145 0-172 
Hypoid 90 Retan A.. a 0-140 0-121 0-215 0-155 as ~ = _ 
Hycar-base rubber 0-164 | 0-181 | 0-142* | 0-147* — — -- 


























all show an increase in friction with increasing 
velocity, implying that still higher values would be 
found at velocities beyond the test range. The 
actual values of the coefficient recorded are very 
inconsistent, and accordingly four tests were made 
on both the Hycar-base and the Neoprene-base 
rubbers. The results of the four tests on Hycar-base 
are shown separately in Fig. 18, page 123, from which 
it will be seen that the value of the high-speed fric- 
tion coefficient after running-in varies from about 
0-09 to 0-23. The dotted-line curves show initial 
results and the full-line curves the results after 160 
revolutions. At intermediate stages of running-in, 
even higher values were recorded. The Neoprene- 
base rubber also gave high values of the coefficient, 
though these were rather less variable than with 
Hycar-base. 

The effect of surface finish of the mild-steel 
specimen was examined for oak and Retan A leather 
and for Neoprene-base rubber. Four different types 
of surface finish were used: (1) circumferentially 
machined, the last cut being as fine as possible ; 
(2) circumferentially ground with O emery cloth 
(the standard preparation) ; (3) radially ground 
with O emery cloth (by hand); (4) polished with 
successively finer emery papers, then metal polish 
and finally alumina in distilled water. The standard 
washing and drying process was used after each 
preparation. 

Surface-finish profiles of plates, prepared by the 
four different methods, were measured at the 
National Physical Laboratory on a Talysurf instru- 
ment. The arithmetical average values of the 
surface roughness of the plates are given in Table III. 


TABLE III. 








Direction of Meter Reading 
Preparation. Instrument Traverse. (micro-in.). 
Machined .-| Badial Sa me 53 
Circumferential, 
ry Radial és oa 5-5 
Radial,O Fmery ..| Circumferential .. 12-5 
Polished Radial a <a 3 











Examination of the profile records showed that 
the machined and emery-ground surfaces did not 
differ greatly in their surface profile, except in the 
fineness of the finishing marks. The polished surface 





coefficient. The main conclusions are that the 
coefficient of the synthetic rubber is much more 
sensitive to surface finish than that of the leathers, 
and that the direction of the finishing marks is more 
important than their depth. It may also be signi- 
ficant that the harder of the two leathers was the 
one less affected in its frictional properties by change 
of surface finish. 

After running-in the sliders were always flattened 
to some extent at the point of contact with the 
steel specimen. In the case of the leathers this 
flattening was apparently due mainly to distortion 
under pressure rather than to wear, for it was more 
marked with the softer leathers but was almost 
independent of conditions of lubrication, tempera- 
ture and surface finish. No particles of leather were 
observed on the plate after running-in. The syn- 
thetic rubbers, when run-in under conditions where 
low coefficients were observed, were little affected. 
No permanent distortion could be seen, but a small 
area was slightly worn, and very small black specks 
could be seen on the plate. Under conditions where 
high coefficients were observed, a considerable 
amount of wear of the sliders occurred, and a 
number of black specks were visible on the plate. 
The conditions leading to considerable wear were : 
(1) “‘ film ” lubrication with all lubricants ; (2) tem- 
perature of 100 deg. C., especially in the case of 
Hycar-base rubber ; and (3) machined and radially 
emery-ground surface finish. 

From the work described above the following 
conclusions were reached. (1) On the evidence of 
the room-temperature tests the three leathers 
chrome, Retan A and Retan B do not differ signi- 
ficantly in their frictional properties. Oak leather 
shows exactly the same type of behaviour, but under 
the standard conditions there is a tendency for its 
coefficient to be lower. (2) With fresh surfaces, the 
friction of the leathers is of the same order at 
100 deg. C. as at room temperature. (3) The fric- 
tional properties of the leathers are to some extent 
impaired by running-in with excess of lubricant. 
At room temperature the effect is largely confined to 
the low-velocity end of the test range and so is of 
limited practical importance, except in so far as it 
may favour the occurrence of stick-slip oscillations 
of the seal. At 100 deg. C. the friction at higher 
velocities is increased, an effect which may be very 


favourable effect upon the friction of the leathers, 
(4) The leathers are not very sensitive to the surface 
finish of the mild-steel specimen, though oak is 
more so than Retan. (5) At room temperature with 
excess of lubricant and the standard surface finish 
the synthetic rubbers have much lower coefficients 
of friction than the leathers. This difference is 
nullified or reversed when the temperature is 
raised to 100 deg. C., when the supply of lubricant 
is sparse, or when the steel surface is rough or has 
markings perpendicular to the rubbing direction. 
In all these circumstances the frictional properties 
of the synthetic rubbers are definitely poor. 

The work was carried out in the laboratories of 
the Tin Research Institute and formed part of a 
research programme which was undertaken for the 
Joint Admiralty and Ministry of Supply Advisory 
Service on Lubrication and financed by the Ministry 
of Supply. The author’s thanks are due to the 
Director General of Scientific Research (Defence) 
for permission to publish. 
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Conveyors and Cranes. By WILLIAM H. ATHERTON, 
M.Sec., Wh.Ex. Sir Isaac Pitman and Sons, Limited, 
Parker-street, Kingsway, London, W.0.2. [Price 25s. 
net.] 

A BOOK dealing with such a broad subject as con- 
veyors and cranes can hardly go deeply into it unless 
the approach be from a particular angle. It would be 
ungracious to complain that the book is not what it 
does not set out to be, but the question does arise 
whether mainly descriptive text-books of this kind, 
which illustrate and describe just as many represen- 
tative types of plant as can be crammed into the 
allotted number of pages, are really the most useful 
to the mechanical engineer. Any observant mecha- 
nical engineer in the course of a normal career must 
have seen, and taken mental note of, a large variety 
of conveyors and cranes, and what he would remem- 
ber of them, if called on to consider the subject, 
would be more or less the sort of thing to be found in 
this book; though it is true that the book will 
give him also correctly proportioned drawings and 
photographs instead of rough sketches, and will fill 
out his knowledge of the applications by many useful 
details regarding maximum permissible angles of 
inclination and similar data. 

It should be emphasised, therefore, that Mr. 
Atherton has also written two more comprehensive 
books in which references are given to other litera- 
ture on the subject, and that the present work is 
rather in the nature of an outline, giving a good 
idea of the many different kinds and applications 
of material-handling plant now available, but not 
giving many data that would help, for instance, in 
deciding what type of conveyor to use for an applica- 
tion where several types would be mechanically 
suitable. The author’s long experience should make 
his own views of great value, and some account 


large | would be welcome of the problems and difficulties 


that arise in the operation as well as in the choice of 
conveyors. One of the best chapters is that dealing 
with belt conveyors. Here the author says that 
he will make no attempt to describe a number of 
examples in detail, but will confine his attention to 
certain aspects of design. The result is a chapter 
that will be really useful, not only in specifying a 
bel conveyor for a particular duty, but also to 
engineers responsible for the maintenance of con- 
veyors of this type. 

The book is divided broadly into three parts, the 
first dealing with the mechanical handling of goods 
in package form; the second, with conveyors for 
handling coal and other loose materials in bulk, in 
which pneumatic grain-handling plants are dealt 
with ; and the third, with various classes of cranes, 
hoists, and telphers. Cranes thus come towards 
the end of the book and the reader interested mainly 
in this part of the subject is unlikely to find anything 
new, as the space allotted permits of only the most 
superficial treatment. Little information is given 
on the all-important subject of costs, and the few 
figures quoted are so out of date (1910 and 1916) as 





to. be valueless to-day. It is true that such costs 
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are not easy to come by, and that quite large firms 
often fail to record separately the true costs of 
operating conveyor installations; nevertheless, a 

good deal must be known, since a main purpose of 
pt plant is to save the cost of labour. 





Machine-Shop Estimating. By W. A. Norpuorr, B.A., 
M.A., McGraw-Hill Book Company, Incorporated, 330, 
West 42nd-street, New York 18, U.S.A. [Price 6 dols.] 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 30s. net.) 

ENGINEERING workshop practice has undergone 

drastic changes during recent years, and these have 

been accelerated considerably by the second world 
war. Prominent among developments is the almost 
universal adoption of more precise methods of 
estimating production costs, the proper use of which 
requires in the estimator an intimate knowledge of 
time and motion study, the best tooling technique, 
and an understanding of the capacity and limitations 
of the machings used. He should be able not only 
to estimate production costs, but to suggest means 
of reducing them. Mr. Nordhoff evidently had 
these qualifications in mind when writing his book ; 
he is, indeed, almost too exhaustive, devoting nearly 
500 pages to the duties of an estimator, and the 
knowledge that he should have at his disposal. He 
begins at the beginning by explaining the functions 
of the estimator, what an estimate comprises, and 
how to make tables and use them. He describes 
the various methods of machining—turning, boring, 
threading and tapping, etc.—considering typical 
operations in detail, explaining how to compute the 
time taken for each operation. The tools used are 
discussed at length, with the aid of numerous tables 
for set-up time and operation elements. With all 
the detail, however, the book gives the impression 
that the author omitted to decide at the outset the 
character of his intended public. A man who 
possesses the basic experience and acumen to become 
an estimator does not need so much elementary 
instruction ; and the man who does need it is so 
far from being an estimator that it is questionable 
whether any book would bridge the gap. It will be 

a useful guide to the reader with some knowledge 

and @ critical and selective mind; but the know- 

ledge of machines that a machine-shop estimator 
needs is only to be acquired in the shop, and most 
of it before he begins to be an estimator. 

A Planned Auviliary Language. By H. Jacos. Dennis 
Dobson, Limited, 29, Great Queen-street, Kingsway, 
London, W.C.2. [Price 10s. 6d. net.] 

OnE of the chief obstacles to international inter- 
course is the lack of a common medium of expres- 
sion ; Mr. Jacob states, in this book, that in Europe 
alone, some 120 languages are spoken, 38 of them 
by over a million persons. The days when all 
educated Europeans shared a single tongue and the 
student quarter of Paris was correctly described as 
the Latin Quarter are long past. The only modern 
substitute for Latin, now too dead to be revived, 
would appear to be either one of the existing 
languages or an artificially constructed language. 
National jealousies preclude the possibility . of 
adopting any one of the former as an international 
auxiliary language; moreover, as the author 
points out, a natural language suffers from manifest 
disadvantages. It includes unfamiliar speech 
sounds and irregular spellings ; it employs illogical 
systems of derivation and abounds in idioms; its 
grammar is cumbrous and bristles with exceptions ; 
its vocabulary is marred by redundancies, deficiencies 
and ambiguities. 

All, or nearly all, of these defects can be obviated 
in an artificial language, constructed with the 
conscious aims of simplicity, economy and precision 
in view; and, by basing word formation as far as 
possible upon roots. common to English, French, 
German, Italian, Russian and Spanish, the greatest 
difficulty in learning a language—the rapid acqui- 
sition of an adequate working -vocabulary—can be 
materially lessened. Upwards of 300 artificial 
language projects are said to have been more or 
less fully developed, but only five of them have 
demonstrated their usefulness to the extent of 
attracting any considerable following. One of the 
most valuable features of Mr. Jacob’s Look is the 


and Interlingua—under the headings of history, 
, derivation and affixes, vocabulary, com- 
a | parative texts, and commentary. 

No planned language can be expected to convey 
all the subtle shades possible in an ethnic language, 
but that it can be made precise and flexible enough 
for scientific usage is well brought out by the 
experiment in double translation reported by Mr. 
Jacob. A paragraph on the Laws of Habit, from 
William James’s Talks to Teachers on Psychology, 
was translated into Ido by one man and retrans- 
lated into English, without access to the original, by 
another. The comparison of the latter version 
with James’s original is striking and goes far to 
substantiate the claim that Ido is competent to 
provide a suitable medium for international scientific 
communication. Those whose prejudices are 
aroused by the label “ artificial” may be reminded 
that the only subjects which can claim to be univer- 
sally intelligible are mathematics and music, and 
the notations for both are artificial creations. 

However, the mere demonstration of adequacy 
is not enough to secure the general adoption of 
such a language. Most engineers desirous of keeping 
abreast of technical developments in other coun- 
tries will have learned, or relearned, one or two 
languages besides their own. As much technical 
terminology is common to most European languages 
and, presumably, would be incorporated in any 
scientifically acceptable auxiliary language, the 
task of learning the latter should not prove insuper- 
able ; but since, for technical purposes, a language 
constitutes a key giving access to scientific literature 
published in that language, two conditions are 
indispensable for its acceptance. Firstly, some 
such authoritative body as the International Auxi- 
liary Language Association, whose work is described 
in the last chapter of Mr. Jacob’s book, would have 
to decide which of the five competitors is to be the 
officially sponsored auxiliary language. No busy 
engineer is going to undertake to learn more than 
one auxi Secondly, the language 
chosen would remain of purely academic interest 
until standard texts and reputable technical journals 
became generally available in that language. Mr. 
Jacob, excellent though his book is, hardly lays 
sufficient stress upon this vital point. The advo- 
cates of an international ai language may 
have to face the unpalatable truth that their pro- 
posal, like that for the universal adoption of the 
metric system, comes too late to be practicable. 


Belfast Harbour Commissioners Centenary, 1847-1947. 
Published by the Commissioners at the Harbour Office, 
Belfast. 

Tuat the channel of the Clyde is almost wholly 

artificial is common knowledge, but it is less gener- 

ally realised that most of the principal British ports 
are similarly man-made to a great extent ; it is not 
often, however, that a harbour authority educates 
the public on the development of a port so well as the 
Belfast Harbour Commissioners have done in this 
centenary handbook. The series of maps, showing 
the growth of the city and harbour from 1685 to 
the present day, is clear and admirably informative, 
and alone would mark the book as a notable work 
of historical reference. That it owes a good deal of 
detail to the late Sir David Owen’s History of the 
Port of Belfast is admitted at the outset, in a preface 
by Mr. John McCaughey, the present chairman of 
the Harbour Commissioners ; but Owen’s work is 
not so widely known as it might be, and the cen- 
tenary volume is a valuable supplement to it. The 
development of the port as such owes much to the 
vigorous management that has characterised the 
shipbuilding yards of Belfast, and the consequent 
succession of vessels of the largest size has undoubt- 
edly influenced the constant improvement of the 
waterways, as on the Clyde; but the harbour 
administration must have reacted not less favourably 
on the shipyards. Statistics do not obtrude in this 
little book, but they are there for those who want 
them ; in the case of tonnage entered and cleared, 
for 1839, 1847, and thereafter at ten-yearly intervals 
to 1907, after which each year’s figures are given. 

Excellent photographs of the docks, shipyards, etc., 

and reproductions of old prints, emphasise the de- 





admirable review that he gives of each of these 
five systems—Esperanto, Ido, Occidental, Novial 





velopment to which the figures give quantitative 
value. 


PUBLIC WORKS, ROADS AND 
TRANSPORT EXHIBITION. 
(Concluded from page 114.) 


TuHE latest design of their floor-surfacing machine 
was exhibited on the stand of Messrs. Floor Reno- 
vations, Limited, 36, Lauriston-road, London, 
E.9. This machine, known as the Nufloor, is illus- 
trated in Fig. 5, on page 126. The surfacing 
element consists of a horizontal drum, the periphery 
of which is fitted with sandpaper, and, as will be 
seen from the illustration, the drum is driven by 
an electric motor through an endless V-belt. The 
electric motor also drives a fan which collects the 
wood dust from the drum and delivers it, through 
the swan-necked tube visible in the illustration, to 
a bag which is clamped to the end of the tube 
when the machine is in operation. The belt drive 
to the fan is visible in the illustration, and it wil} 
be seen that the tension is adjusted automatically 
by a jockey pulley ; in the case of the drive to the 
drum, the tension is adjusted by moving the motor 
along slide rails. The sanding drum is driven on 
one side only, the other side ofthe drum being 
brought out to the edge of the machine so that 
floors can be sanded up to the skirting boards in 
one operation without recourse to a separate ma- 
chine or hand scraping. The depth of cut is adjusted 
by a retracting undercarriage and wheels, and this 
adjustment can be regulated while the machine is 
at work; when a coarse cut is required, the under- 
carriage can be fully retracted. The sanding drum 
is 8 in. in diameter and it is covered with a soft 
rubber coating in order to minimise damage to the 
sandpaper. The machine is driven by a 1}-h.p. 
electric motor running at 2,800 r.p.m.; if required, 
however, it can be supplied with a 2-4-h.p. four-cycle 
air-cooled petrol engine in place of the electric 
motor. 

Messrs. Lagonda, Limited, Staines, Middlesex, 
showed the Diesel pile driver which is illustrated 
in Fig. 6, on page 126. The pile driver is of 
extremely simple construction, consisting of a 
base, or anvil, from which rises a piston rod fitted 
at its top with a piston. A heavy cylinder block 
fits over the piston and this is made to rise and fall 
by the explosion of charges of fuel oil fed into the 
clearance volume between the piston and the cylin- 
der. The cylinder block is arranged to fall on to the 
anvil at the end of each downward stroke and thus 
produce a hammer blow in addition to the blow 
caused by the explosion in the cylinder. The 
cylinder block, at the time of striking the anvil, 
operates a plunger which, in turn, actuated a fuel- 
injection pump. This delivers a metered quantity 
of fuel oil through passages drilled in the piston 
rod, to a fuel nozzle located in the crown of the 
piston ; the nozzle atomises the fuel and delivers it 
into the combustion chamber. On combustion 
taking place, the cylinder rises until ports are un- 
covered in the cylinder wall, which allow the pro- 
ducts of combustion to be exhausted to the atmo- 
sphere and a fresh charge of air to be drawn in. The 
fuel system comprises a brass tank, having a capacity 
of approximately half a gallon, which is arranged to 
feed the fuel pump by gravity through a flexible pipe, 
a fuel filter being incorporated within the tank. The 
fuel pump is a Bryce single-cylinder jerk-type 
plunger pump, the body of which is made from 
manganese bronze; the fuel pump, feed line and 
storage tank are all visible in the illustration. The 
unit is cold starting and will operate on any com- 
mercial grade of Diesel or gas oil. The fuel con- 
sumption is in the neighbourhood of 0-7 pint per 
hour, and, when operating, the driving unit reci- 
procates approximately 150 times a minute. The 
equipment supplied with the driving unit includes 
a light portable mast, 27 ft. high, which is fitted 
with a hand winch for manceuvring the piles into 
position and for lifting and starting the driving 
unit. The winch can deal with loads up to one ton, 
and the drum can accommodate 70 ft. of steel rope: 
having a circumference of 1 in. The foot of the 
mast rests on a l-in. diameter steel hinge pin and 
the mast is held in the upright position by an 
adjustable tubular back stay and two steel side 
ropes fitted with tension screws. The equipment is 





suitable for fixing steel sheet, timber, and concrete 
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piles, and as the total weight is under 15 cwt., it 
can be transported across country with comparative 
ease. 

Reference has been made previously to the 
power-driven hand planing machine manufactured 
by G. and W. Lowe, Limited, Sheffield, and exhi- 
bited on the stand of Messrs. Thos. Firth and 
John Brown, Limited. Another interesting hand 
tool shown on this stand, and also manufactured 
by Messrs. Lowe, was a portable precision grinder 
for producing flat surfaces. The grinder is illus- 
trated in Fig. 7, on this page, and it will be noted 
that the driving motor forms an integral part 
of the machine, an arrangement which provides 
convenience of working. The grinding wheel is 
driven directly by the motor, which is of the univer- 
sal type developing }-h.p. when running at 11,000 
r.p.m. The work-head is balanced so that the grind- 
ing wheel is clear of the work when not in use and 
the depth of grinding is set by a micrometer adjust- 
ment. 
grinder body on the support column can be adjusted 
to suit the individual requirements of the operators. 
The workhead is totally enclosed and runs in ball 
races arranged so that the possibility of end play is 
eliminated. The grinder soleplate is made from 
Nitralloy steel and the work-face is grooved so as 
to ensure good contact between the grinder and the 
work. In addition to flat surface grinding, the ma- 
chine can be used for cutting grooves and keyways. 
To do this, the grinding wheel is removed and a split 
collet attachment, which can accommodate a range 
of routing cutters, is fitted in its place. The depth 
of groove is controlled in the same way as for grinding 
and when cutting straight-line grooves, the machine 
is used in conjunction with a straight edge. A 
similar type of machine but with a flexible drive 
from a separate motor suspended from a convenient 
point overhead, was also shown. 

A varied range of Hemel friction hoists was shown 
on the stand of Messrs. J. Christopher and Sons, 
Limited, 172, St. John-street, Clerkenwell, London, 
E.C.1. In addition, they were showing the base 
section of a full-size Hoistower and a one-third scale 
model of a complete Hoistower installation, which 
demonstrated well the ease with which this type of 
hoist is controlled. The range of hoists on show 
included 3 cwt., 5 cwt., and 10 cwt. types. The 
5-cwt. type is illustrated in Fig. 8, on this page, 
and it will be seen that it is of simple but robust 
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A novel feature is that the position of the}. ° 
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Messrs. G. & W. Lown, LimrrTep. 


PorTaBLE PRECISION GRINDER ; 


construction. The sides are cut from sheet steel 
and the friction-wheel shaft is driven directly from 
a 400-volt, three-phase motor by Duplex roller 
chain, the chain case being clearly visible in the 
illustration. Hoisting, lowering, and braking are 
controlled by a single lever which, in turn, can be 
operated either by a workman standing alongside 
or from a distance by means of a cord. 

Many ingenious methods of overcoming the 
shortage of timber have been used recently, and a 
good example is furnished by the Benfix beam, 
which was exhibited on the stand of Messrs. John- 
sons Reinforced Concrete Engineering Company, 
Limited, Artillery House, Artillery-row, London, 
8.W.1. The Benfix beam is a prefabricated lattice 
beam of composite wood and steel construction, 
designed to replace the ordinary timber joists used 
in houses. Although of composite wood and steel 
construction, the amount of wood used in comparison 
with steel is very small, and is only incorporated to 
provide a “ bed ” for the nails used to fix either the 
floor boards or ceiling laths in position. It consists 
of two light }-in. pressed-steel angles set back to 
back, with a wooden packing piece inte 





between them to which the angles are fixed. The 
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vertical flanges of the angles point downwards 
towards another wooden packing piece, the width 
of both the top and bottom packing pieces being 
approximately 1} in. The sides of the bottom 
packing piece are fitted with }-in. steel strips and 
the vertical flanges of the angle and the faces of the 
steel strips are joined together by a lattice of No. 6 
gauge steel wire, which is welded to the angles and 
the strips. The overall depth of the beam is 
approximately 7 in., the maximum length being 
in the neighbourhood of 14 ft., and it is some 40 per 
cent. lighter than the equivalent timber joist. 
Although costing slightly more, they can be set 
at a slightly wider pitch, so that on a job of any 
reasonable size, the costs of the Benfix beams and 
standard wooden beams are approximately equal. 
The beam is particularly easy to handle due to its 
light weight and a definite advantage is that owing 
to its open lattice construction, service pipes, electric 


rposed | conduits, etc., can be installed without cutting the 
beam. 
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RECENT DEVELOPMENTS IN 
POWER-STATION PRACTICE.* 


By F. W. Lawton, M.I.Mech.E., M.LE.E. 
(Continued from page 115.) 


Ur to the year 1938, steam conditions were in the 
region of 650 lb. per square inch and 850 deg. F., and 
for these, mild steel was satisfactory, but since that 
date two higher sets of conditions have been employed, 
namely, 900 Ib. and 900 deg. F. and 1,200 lb. and 950 
deg. F. While, metallurgically, mild steel would be 
satisfactory for pipes for the 900-lb. range, the calcu- 
lated pipe thicknesses, particularly in the large sizes, are 
such as to render it almost impossible to provide a flexi- 
ble arrangement, so that low-alloy steels have been 
alopted. For the super-pressure range, these latter 
steels are @ necessity in view of the metallurgical change 
which occurs in mild steels at temperatures in excess of 
900 deg. F. The alloys in common use are plain $ per 
cent. molybdenum steel and chrome-molybdenum steel. 
These high steam pressures introduce a problem on the 
boiler-feed delivery piping, in’ which the working pres- 
sures are much higher, and for these services it is now 
usual to adopt a steel of medium carbon not exceeding 
0-3 per cent., having an ultimate tensile strength of 
36 to 42 tons per square inch. Where flanges are fitted, 
these are usually of about the same composition as the 
pipes. The heat treatment of alloy-steel pipework has 
been the subject of considerable research over the past 
seven years, and as a result a procedure has now been 
adopted which preserves the creep-resistant properties 
of the steel and avoids the danger of inter-crystalline 
failure. Alloy-steel pipes after all fabrication is 
completed, are normalised at about 925 deg. C., and 
after soaking at this temperature, are allowed to cool 
slowly. Carbon-steel pipes are raised to a temperature 
of 650 deg. C. and, aftersoaking, cooled slowly in still air. 

With the development of welding technique, it is now 
customary for the principal pipework systems to be 
provided with welded joints. Where suitable examina- 
tion after welding can be carried out, flanges have been 
. dispensed with sometimes on valves. This has resulted 
in the all-welded type of joint now being supplied with- 
out flanges for steam conditions up to 1,500 lb. per 
square inch and 950 deg. F. Experiments carried out 


on the welding of the flangeless ends of valves have | ing 


proved that there is no ill effect of the weld upon the 
valve seatings. These developments postulate strict 
attention to the layout of pipework arrangements and 
the careful computation of bending stresses under the 
considerable amount of expansion occurring at high 
temperatures (at 950 deg. F. = 8} in. per 100 ft.). 
Flexible supports of the spring-loaded type are arranged 
so that the movement due to expansion can be accom- 
modated, to ensure that there are no undue additional 
loads on the structural steelwork. For these higher 
working conditions, it is now realised that the use of 
corrugated expansion pipes should be avoided, as far as 
possible, in order to reduce the possibility of vibration 
effects. In view of the fairly heavy thicknesses neces- 
sitated by high pressure coupled with relatively low 
working stresses, it is now frequently necessary, in 
order to secure the requisite flexibility, to provide 
duplicate or even triplicate steam mains to a turbine. 
Steam velocities of frem 180 ft. to 200 ft. per second at 
full load are now common. Modern steam conditions 
necessitate a complete review of pipe-insulation specifi- 
cations, both from considerations of conductivity and 
the form or construction of the i Higher tem- 

eratures render necessary a greater thickness and a 

igher quality of heat-resisting compositions in order 
to render the magnesia or other main insulator immune 
from deterioration. It is now customary to specify a 
limiting temperature drop between the boiler and tur- 
bine rather than accept figures for conductivity on a 
unit area and thickness basis, as the latter data are 
difficult to check after the lagging is in service. 

As the upward trend of working conditions has 
affected production methods, much more so has erection 
techni advanced. Elaborate ‘stress calculations 
woul Rertastivalivs if due regard were not paid to gaps 
for cold pull in erecting closing lengths. In flangeless 
pipe-lines it is now customary to weld the whole of the 
joints and to stress-relieve these prior to fitting the 
closing lengths. The gap for “ cold pull” in the latter 
(varying between 50 per cent. and 100 per cent. of the 
total expansion between anchors) is pulled up by means 
of special clips which are retained in position until the 
welding and stress relief of the “‘ closer’ joints is com- 
pleted. Electric welding for pipe joints is the usual 
method adopted, and gives uniformly good results. 
In some cases where an ordinary butt joint without 
backing ring has been adopted, a combination of 
oxy-acetylene and electric arc has been successful. 
Where the pipes are of alloy steel, it is necessary to 
pre-heat the pipe-ends to a temperature of about 





* Paper read before the annual convention of the 
Ineorporated Municipal Electrical Association, at Bourne- 
mouth, on Tuesday, June 24. Abridged. 





250 deg. C. before welding commences. In all cases of 
flangeless joints (in mild steel or alloy) a stress-relieving 
heat treatment at 650 deg. C. is advisable after welding 
is completed. This post-heat can be done either by 
electric or gas-fired muffles or by the electric induction 
method which is now gaining favour in view of its 
simplicity and the more robust nature of the plant 
required. In recent years the use of welded pipe joints 
without flanges has focused considerable attention 
on the methods to be adopted for checking the quality 
of the welding. Apart from any question of examina- 
tion of welding after completion, highly skilled and 
reliable welders are a necessity. The subsequent 
weld examination is now carried out either by X-rays 
or gamma rays, with possibly a preponderance of 
opinion in favour of the former which usually requires 
a much shorter time for exposure and is probably of 
less danger to other employees working in the vicinity. 
Both methods can furnish negatives giving good defini- 
tion on which acceptance or rejection of the weld can 
be determined. In modern power stations, pipework 
has become an important item of the plant and it has 
been necessary, in all cases, to consider the nt 
in the earliest stages of the design of the layout of 
boiler units and electric generators, in order to provide 
the space and access so necessary to economical and 
satisfactory construction. 

The present tendency in steam-turbine design ‘is 
towards higher steam conditions and higher speeds, 
and also towards standardisation of terminal conditions. 
These developments have brought into prominence the 
necessity for interstage drainage and erosion protection 
of low-pressure turbine blades, as wetness factors of 
over 12 per cent. are now being experienced with 
modern steam conditions. The practical success of 
high steam conditions coupled with high speeds much 
depends on effective drainage to improve the efficiency 
of the low-pressure stages and also to avoid heavy and 
expensive maintenance ,on the low-pressure blading. 
Higher temperature and pressures in steam-turbine 
plant have accentuated thermal expansions of rotor 
and cylinder. The higher the operating conditions the 
greater will be the mass of the cylinder relative to the 
rotor, and this means a deferred procedure at starting 
up, and often shutting down, to avoid excessive distor- 
tion. In the past the judgment and skill of the operat- 
staff were depended on; now instruments are 
available to register axial expansion and eccentricity, 
the detectors bcing electromagnetic. 

The fact that reheating has not been adopted more 
frequently must be attributed to the general require- 
ment that plant has to be suitable for two-shift working. 
Advances in steam conditions make it more difficult 
to attain and maintain in practice a high level of turbine 
efficiency. It has become general to employ three- 
cylinder turbines for large units on high steam condi- 
tions. This limits the temperatue range of each 
individual casing and keeps the expansions which have 
to be accommodated relatively small so that closer 
running clearances can be maintained. It is now 
general practice to support the turbine cylinders at or 
near the horizontal centre line so that radial expansion 
occurs symmetrically about the centre line of the shaft. 
In some designs the high-pressure turbines are anchored 
at the end adjacent to the steam inlet and provision for 
expansion js made at the exhaust end. This arrange- 
ment is attractive in that it provides favourable condi- 
tions for controlling the alignment at the point where 
the temperature is highest and where the blade height 
is small and clearances correspondingly important. 
The small rotating masses, the relatively short and stiff 
shafts, and the limited temperature range for the 
individual casings of a three-cylinder 3,000 r.p.m. 
turbine, are factors that result in a very flexible design 
and therefore one particularly suitable for two-shift 
working where it is important that the daily routine 
of running to speed and getting on to load can be 
accomplished quickly. For these conditions it is 
essential to provide electrically-driven turning gears. 
These are used during the shut down period to avoid 
uneven cooling that would cause the shafts to become 
bent and out of balance. They are also used on start- 
ing up to avoid the necessity of admitting suddenly a 
large quantity of steam to start the turbine turning. 
In this way steep local temperature gradients in steam 
chest and cylinder are avoided and the strain on the 
steam joints materially reduced. 

Notwithstanding the electrical anticipatory overspeed 
equipment incorporated in the normal governor system 
for limiting the temporary speed rise associated with 
short-duration faults, the atmospheric exhaust relief 
valve still provides the overall protection for loss of 
vacuum. Running of machines on atmosphere entails 
a risk and considerable dislocation may be expected 
to occur in the power station operation if a machine 
goes over suddenly. These risks are naturally more 
serious with large machines than with small; and 
many years ago devices were introduced which unload 
the machine automatically if for any cause the vacuum 
could not be maintained. These so-called load sup- 
pression devices have now come to be regarded as normal 





features of modern machines and the atmospheric 
valve and its attendant discharge pipes are either 
reduced to a small size or even dispensed with altogether. 
Another protective device which has been adopted on 
some recent installations is a mechanism which antici- 
pates the action of the speed governor, being directly 
and immediately responsive to changes in load. High- 
pressure machines controlled only by a speed governor 
inevitably have a high temporary speed rise should the 
load be suddenly thrown off the generator. There 
cannot therefore be a very wide margin between 
tripping speed and the speed actually obtained. 
Consequently, there is a potential risk of the machine 
tripping out and where it is required to reduce this 
risk the load-sensitive device can be fitted to decrease 
the temporary speed rise. The importance of prevent- 
ing the turbine tripping is, however, problematical and 
dependent rather on the circumstances of the particular 
fault causing the disturbance, and devices of this kind 
have not as’ yet come into general use in this country. 

There is now a real necessity to standardise terminal 
steam conditions. The present tendency with sets up 
to 60 MW at 3,000 r.p.m. is to use pressures of 600 Ib., 
900 Ib., 1,200 lb., or 1,800 lb. per square inch, with 
temperatures of 850 deg:, 900 deg., 950 deg., and 
1,000 deg. F. The exhaust pressure is 28-5 in. and 
29 in. of mercury for cooling tower and’ riverside 
stations, respectively. Four stages of regenerative 
heating are used at the two lower pressures, five at 
950 lb. per square inch and six at 1,000 lb. per square 
inch. For most applications, carbon molybdenum 
steels have been sufficient, but where high stress tem- 
perature and severe corrosion are encountered, chrome- 
nickel alloys are used. Yet another question affecting 
standardisation is whether the turbine should be 
designed for economic rating at the full mean continuous 
rating or at 80 per cent. of the latter. English manufac- 
turers prefer to design for economic rating at mean con- 
tinuous rating for reasons of mechaniéal simplification 
of steam-nozzle control, but from the supply engineer’s 
point of view the question is one of economics. A recent 
investigation carried out by the author showed that 
owing to the additional capital cost of a turbine designed 
for economic rating at mean continuous rating compared 
with economic continuous rating, and to the practical 
difficulty of maintaining uniform output at mean 
continuous rating, this, on the average, being about 
90 per cent. mean continuous rating, it was not economic 
to purchase the larger machine. 

There has been no outstanding development in closed 
feed water systems and condensers since 1938. There 
is, however, a growing tendency to install vertical- 
spindle circulating-water pumps driven with constant- 
speed alternating-current motors at 3,300 volts, 
particularly when these pumps are associated directly 
with each turbo-alternator. A review of Continental 
and American practice indicates that we have little 
to learn concerning cooling towers. The data from 
these sources is fragmentary and inconsistent. Even 
in this country reliable data are hard to come by, and as 
Birmingham, being an inland city, has the largest cool- 
ing-tower installation in this country at present, it may 
be better to deal almost exclusively with the experience 
gained on this plant. The shells of all modern cooling 
towers are, almost without exception, of reinforced- 
concrete, and, conditionally that they are of sufficient 
height relative to surrounding buildings, no trouble is 
experienced with deposition of moisture therefrom save 
at exceptionally high humidities when the surroundings 
would be wet in any case. The cooling towers at Hams 
Hall “A” and “ B” power stations have a height of 
210 ft. and 310 ft., respectively. 

The correct size of cooling tower for any given condi- 
tions is a matter of some importance and one not easily 
determined as the variables concerned are so numerous. 
Having first ascertained the heat to be dissipated in 
the condenser under vacua varying from, say, 28 in. to 
29 in. Hg the problems are to decide: the most 
economic vacuum; the quantity of circulating water 
to be used; the heat-load for which the towers must 
be designed ; and the average atmospheric conditions. 
It will be found that the condenser design and the 
cooling-tower size are so fundamentally related that it 
is impossible to decide on one without reference to the 
other. For every change in conditions a new set of 
calculations must be made afresh, and only by laborious 
and pai ing effort can an economic solution be 
reached. For example, under atmospheric conditions 
of, say, 60 deg. F. dry-bulb temperature, cooling towers 
for a vacuum of 29 in. Hg would be impracticable. 
The cooling towers at Hams Hall “‘ A” were designed 
for a vacuum of 28 in. Hg with average atmospheric 
conditions of 60 deg. F. (dry-bulb temperature) and 
80 per cent. humidity, necessitating a flow of 31,500 
gallons of circulating water per minute, with a condenser 
cooling surface of 65,000 sq. ft. for each 50,000 kW 
machine operating at maximum rating under feed- 
heating conditions, and when supplied with steam at 
350 lb. per square inch pressure and 730 deg. F. tem- 

rature. At an economic rating of 40,000 kW, when 
eed-heating, the vacuum obtained is about 28-25 in. 
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Hg. These conditions are about the economic limit 
for an average station load factor of about 30 per cent. 

The problem was again reviewed when the Hams 
Hall “ B” power station was being designed, and it 
may be interesting to record that with a station load 
factor of 40 per cent. under similar atmospheric con- 
ditions to those previously referred to, and with a 
cooling-water quantity of 40,000 gallons per minute and 
condenser cooling surface of 60,000 sq. ft., the economic 
vacuum is 28-5 in. Hg when a 53,500-kW machine is 
developing its economic rating of 42,800 kW under 
feed-heating conditions and when supplied with steam 
at 650 Ib. per square inch pressure and 845 deg. F. tem- 
perature. From the evidence available it appears that 
an average vacuum of 28-5 in. Hg is about the economic 
limit for the conditions considered, for even a further 
increase of 0-25 in. Hg nearly doubles the cooling-tower 
capacity required, assuming that 75 deg. F. may be 
taken as a reasonable outlet-water temperature from 
the cooling system. 

Amost every electrical engineer knows of the ever 
growing controversy concerning auxiliary drives and 
how opinions differ on this subject. As to the sources 
of auxiliary electrical supply, the two systems which 
compete for supremacy are the auxili generator, 
and the unit transformer with a duplicate supply from 
the house transformers. From the point of view of 
efficiency there is very little to choose between these 
alternatives, but based on 1945 prices the saving in 
capital cost in favour of the unit transformer is 
approximately 5s. per kW of station capacity. Variable 
control of the performance of induced-draught, forced- 
draught, secondary air, and pulveriser exhauster fans is 
essential. Feed pumps should preferably be controlled. 
Circulating-water pumps are not generally controlled, 
but saving in auxiliary power can be obtained if they 
are controlled to give the most efficient conditions 
at different loads on the turbines. The principal 
methods of control available are: ‘‘ flow restriction ” 
or “ variable speed ” for the induced-, forced-draught 
and secondary-air fans. “* Variable speed” only for 
the pulverised-fuel exhauster fans, feed ps 
circulating-water pumps. Under the heading “ flow 


restriction ” are damper control or vane control, with | S 


and without two-speed alternating-current motors, 
and under the heading “‘ variable speed ” are hydraulic 
couplings, magnetic couplings, variable-speed alternat- 
ing-current motors and direct-current motors. Gener- 
ally speaking, variable-speed alternating-current com- 
mutator motors or direct-current motors are preferred 
where the highest possible availability, minimum 
repairs, maintenance and attention are essential. 
Electron control of the boiler fans at Jennison power 
station in America is already installed and field tests 
indicate that within the operation range of 0 to 570 
r.p.m. any speed can be maintained to within 1 per 
cent. After several months operation a few break- 


downs have occurred by thermionic-valve failures, 
which are of the radio type and not sufficiently robust. 
Duplication of the valves is now being tried with 
automatic transfer in case of failure. 

The operation of alternators designed for direct 
generation at 33 kV has been entirely satisfactory in 
recent years and although the tendency in large power 








stations in this country is now to use an 1]-kV alternator 
and step-up transformer for transmission at 132 kV, 
the high-voltage alternator is still used extensively for 
33-kV systems. Since 1928 thirty-three 33-kV alterna- 
tors of the concentric-conductor type having an aggre- 
gate capacity of 1,274,300 kVA have been put into 
operation. In addition to these machines there are a 
further 15 machines under construction having a total 
capacity of 603,200 kVA. 

Several alternative sources of excitation power are 
available and the choice of a scheme to suit any particular 
plant will depend to a great extent on local conditions. 
The direct-connected exciter has proved generally 
reliable and has given good service over many years ; 
there is still a large field in which it is unquestionably 
the most satisfactory arrangement. Little operating 
experience with separately driven exciters is available 
in this country, but with the exception of the electronic 
exciters, plant is in course of manufacture using all 
the other alternatives and within the next few years 
data will be available which will enable a better assess- 
ment to be made of their relative merits in service. 
With regard to the electrical characteristics of exciters, 
the trend has been to provide a reasonable margin in 
voltage above that corresponding to mean continuous 
rating conditions in preference to a high ceiling voltage 
of several times the normal value, as adopted for a few 
machines some years ago. In addition, the maximum 
voltage for many sets under the initial control of the 
voltage regulator is usually further limited to a figure 
corresponding to approximately 125 per cent. of the 
value at the mean continuous rating. Experience has 
shown that this margin is adequate for all normal power 
systems, and the comparatively low setting has the 
advantage that the sustained current is less, thus reduc- 
ing the possible damage at a fault, the duty on switch- 
gear and, possibly more important, the heating of 
damping circuits of alternator rotors if the fault ‘is 
unbalanced. 

The performance of hydrogen-cooled alternators in 
America during the past decade has been, in general, 


and | satisfactory, and no major difficulties have been 


experienced in operation. The latest American 
tandards recommend that hydrogen cooling should be 
adopted for alternators of 20,000-kW sets and upwards, 
but recent prices quoted in this country for hydrogen 
cooling suggest that 50,000 kW is the lowest economical 
size for this type of cooling. The hydrogen pressure 
for normal operation is 4 lb. per square inch above 
atmosphere and the sets are designed to operate at 
15 lb. per square inch, giving an overload capacity of 
15 per cent. In addition to the gain in efficiency and 
the possibility of higher outputs at 3,600 r.p.m., it is 
claimed in America that hydrogen has the advantages 
of giving an increased life of the insulation, reducing 
maintenance and lessening the fire hazard. They also 
consider that the increase in capacity obtained Mg 
raising the hydrogen pressure to 15 lb. per square inc 

is an important advantage. The main development 
which has taken place in recent years is the simplifi- 
cation of the auxiliary equipment for the seal oil supply 
and for hydrogen control. Modifications have also been 
made to the sealing glands with the same object. 
Hydrogen-cooled alternators having a capacity of 
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95,000 kW, 0-85 power factor at 3,600 r.p.m. are 
now under construction in the States. In this country, 
a number of 60,000-kW alternators at 0-8 power factor, 
11 kV, running at 3,000 r.p.m., are now under construc- 
tion, but none has been commissioned up to the present. 
The improvement in efficiency of a machine of this 
output equipped with hydrogen cooling is of the order of 
0-8 per cent., the economic value of which is offset to a 
large extent by the cost of hydrogen cooling. 


(To be continued.) 





LATHE ATTACHMENT FOR 
SPHERICAL TURNING. 


A weaT and adaptable attachment for turning 
spherical-convex or concave surfaces on small parts, 
without the use of form tools, is manufactured by 
Messrs. Trumek, Limited, 191-193, London-road, 
Kingston-on-Thames, Surrey, and a photograph of the 
complete device is reproduced in Fig. 1, on this page. 
The makers state that it may be mounted on almost 
any type of lathe and claim that, even with unskilled 
operation, accurate and rapid production is obtained. 
From Fig. 1, which shows the toolpost arranged for 
turning a sphere, it will be seen that the fitting con- 
sists of a single-point tool mounted on a turntable, 
which, when rotated by the hand lever, causes the 
tool point to describe a circle about the centre of 
the turntable, the radius of the circle being fixed by 
the distance of the tool point from the centre. 

For turning a spherical-concave surface, the toolpost 
is simply adjusted so that the point of the tool is remote 
from the centre of the turntable, either by turning 
the toolpost through 180 deg. or by moving it bodily 
along a T slot to the other side of the turntable, 
when again, the radius of curvature depends upon the 
distance of the tool point from the turntable centre. 
The standard attachment, which has an outside 
diameter of about 3 in., is able to turn spheres up to 
1} in. in diameter and concave surfaces up to a radius 
of 1% in. 

The construction of the attachment, without the 
toolpost, is shown in section in Fig. 2. The mild-steel 
base, a, for which special base-plate fittings can be 
supplied to suit particular requirements, is fixed on the 
cross-slide of the lathe. Mounted on the base and 
secured to it by four socket-headed screws are two 
Ledloy steel half-bodies, 6 and c, between which is 
fitted an extended bush carrying the worm spindle d. 
The turntable e, also of Ledloy, rests on the upper 
half-body and carries a worm wheel f, secured to its 
underside, with a shim ring g, fitted between the worm 
wheel and the upper half-body. The turntable has a 
diametrical T slot to take the toolpost, and for the 
purpose of tool-setting, a central register hole h is 
provided for a setting plug. The upper portion of the 
plug is made with a diameter equal to that of the 
required work, and the tool is set by bringing its point 
into contact with the plug. For production work. 
the attachment is provided with a stop on each of the 
free rings i and j, which can be set as required, and a 
fixed stop is fitted on the upper half-body. 
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L.N.E.R. IMPROVED RAIL WASHER.—The London and 
North Eastern Railway Company are extending the use 
of a universa) taper washer for bolts used in points and 
crossings, where the surface of the rail web is not always 
at right-angles to the centre-line of the bolt. The design 
was introduced in 1944. Each washer consista of two 
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parts, one with a concave depression and the other of 
convex form, fitting together in a ball-and-socket manner, 
which enables the washer to adjust itself to the angle be- 
tween the bolt-head or nut and the surface of the rail web. 
These washers will replace the several different sizes of 
ordinary taper washers which were previously required. 





COAL-WEIGHING TENDER, L.M:S. 
RAILWAY. 


Tue London Midland and Scottish Railway Company 
have recently introduced two coal-weighing tenders to 
facilitate observations on the consumption of coal by 
locomotives in service. They will be used in conjunc- 
tion with the Company’s two dynamometer cars for 
testing locomotive performance, as well as on normal 
train working, without a dynamometer car, when a loco- 
motive inspector will ride on the footplate. The daily 
consumption of coal will then be apportioned to train 
working, traffic delays, lighting up, shed duties, and 
shunting; and engine crews will be instructed in the 
most efficient methods of firing. Formerly, when trials 
were undertaken, a known weight of coal was loaded 
into the tender, and at the conclusion of the run the 
remaining coal was removed and weighed. After 
allowing for stationary and other irrelevant periods, 
the consumption of coal in lb. per dirawbar horse- 
power-hour was determined, using the horse-power 
data obtained from the dynamometer car. Such 
trials are usually undertaken on only a few engines 
of a class, either to compare cgal consumption with 
engines of other classes, or to measure the effect of 
alterations or special fittings on engines of the same 
class. In both cases, of course, the primary object 
is to obtain data which can be used to improve 
locomotive design. Furthermore, the observation of 
coal consumption is especially important at the pre- 
sent time, when coal is in short supply, and often of 
inferior quality. It is thus desirable to make a closer 
study of methods of firing, and to observe the effects 
of traffic delays and other pronounced features of 
present-day operation. The two coal-weighing tenders 
have been constructed to the designs of Mr. H. G. 
Ivatt, M.I.Mech.E., Chief Mechanical Engineer of the 
L.M.S., in conjunction with Messrs. Transport Engineer- 
ing and Equipment, Limited, Lancaster, who manufac- 
tured the weighing mechanism, which is shown in 
Fig. 1, on this page. 

Two standard L.M.S. tenders, which normally hold 
4,000 gallons of water and 9 tons of coal, were provided 
with new tanks and coal bunkers having capacities of 
3,750 gallons of water and 7} tons of coal, respectively. 
The reduction in capacity is due to the separation of 
the bunker from the tanks, the bunker being self-con- 
tained for weighing purposes. The tenders are still 
suitable, of course, for coupling to standard locomotives. 
The bunker, which has vertical sides and a sloping self- 
trimming back, is supported by three bracket assemblies 
along each side, as shown in Fig. 2; the intermediate 
bracket in each case being placed closer to the front 
bracket than the rear one, to compensate for the pre- 
ponderance of coal towards the front. Fig. 3 is a sec- 
tional end elevation, and Fig. 4 is a half-sectional side 
elevation of a bracket-assembly. The bracket-assem- 
blies serve two purposes: to support the bunker on the 
side tanks during normal running; and to transmit 
the load to the weighing mechanism at the rear, 
(Fig. 1), when the bunker is being weighed and has 
been raised slightly off its supports for this purpose. 
It is convenient to describe the latter function first. 

A bracket a (Figs. 3 and 4), fastened to the bunker 
side, transmits the weight of the bunker through a 
knife-edge seating b to a lever c, which is itself supported 
by another knife-edge seating d. »The lever is fixed to 
a tubular shaft, which connects all three levers c in 
the three bracket-assemblies and is provided at its 
rear end with an arm, visible in Fig. 1, connected to the 
steel-yard mechanism. ‘The flat half of the knife-edge 
seating d is mounted in a member which swings freely 
in the bracket ¢, which is supported by the side tank. 
It will be observed that the two knife-edge seatings are 
in the same horizontal plane; and that the arm 
at the rear end of the shaft is balanced between the 
weight of the bunker acting through 6 and tending to 
turn the arm about d, and the force applied by the 
steelyard mechanism to the end of the arm, which also 
tends to turn the arm about d, but in the opposite 
direction. There are two arms, one at the rear end 
of each shaft, and they both transmit a downward 
force on an intermediate lever, to which they are 
connected by four light rods, shown in Fig. 1. This 
intermediate lever acts about a fulcrum, which may be 
raised or lowered by means of a handwheel and screw ; 
and the intermediate lever is connected to the steelyard 
by a connecting link which is not visible in Fig. 1, 
being hidden by the upright frame in the foreground. 

The method by which the bracket-assemblies sup- 
port the bunker for normal use may be explained by 
reference to Fig. 4. Each of the brackets a has two 
conical seatings which engage with corresponding cones 
mounted on the brackets e. To ensure that the bunker 
is held tightly down on these conical seatings during 
travel, a screwed handle is provided at each of the four 
extreme corner seatings. When it is desired to weigh 
the coal, the four securing handles are released, and the 
fulcrum of the intermediate lever is raised by means of 
the handwheel until the whole weight of the bunker and 
coal is balanced by the steelyard. The steelyard ‘is 
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and link, “Thic acdinelni thoene tan, Sine tn SPECIFICATIONS. Sm Harry Linpsay, K.O.1E., ©.B.E., has been 


i mechanism is not in use, the steelyard knife- 
edges are relieved of all load. The bracket-assemblies 
and tubular shafts are protected by plate covers, and 
@ removable lock-up cover fits over the steelyard 
eg -_ these covers ee naturally removed 
when taking photogra m which Figs. 1 and 2 
have been reproduced. ™ _ 





INSTITUTION ELECTIONS. 


IystiruTion oF Crvi ENGINEERS. 

Student to Associate Member.—Wolf Sefton, B.Sc. 
(Eng.) (Lond.), South Woodford, Essex ; Robert Brian 
Steventon, Stafford; Harry Arthur Martin Stower, 
B.Sc. (Bristol), Weston-super-Mare; William Henry 
Swift, Lichfield ; John Francis Causton Swornsbourne, 
Woldingham, Surrey ; Alexander Cyril Taylor, Lough- 
borough; Lindsey Eric Thompson, B.Sc. (Eng 
(Lond.), Moulton, Northampton; Roland Berkeley 
Thorn, B.Sc. (Eng.)*(Lond.), Kingsthorpe, Northam 
ton; Kenneth Waddington, B.Sc. (Eng.) (Lond), 
Burnley, Lancs.; Brian Kenneth Warner, Gloucester ; 
Kenneth Charles Westhorp, Gravesend, Kent ; Charles 
Allan Wheatley, B.Sc. (Eng.) (Lond.), Leicester; 
Edwin Frederick Whitlam, B.Sc. (Eng.) (Lond.), 
London, S.W.12; Ronald Henry Charles Wilks, B.Sc. 
Tech. (Manch.), Manchester 20; Thomas Dunlop 
Wilson, B.Sc. (Glas.), Glasgow. 


InsTITUTION OF MECHANICAL ENGINEERS. 

Associate to Associate Member—Richard William 
Blythe, Barking; John Edward Goldie, B.A.Sc. 
(Toronto), Holywell ; Herbert Wilfrid Hardy, Newark- 
on-Trent ; William foe ma ig Herbert 
Gordon Thompson, . (Cantab.), Liverpool; James 
Cyril Walker, Weybridge. 

Graduate to Associate Member.—William Atkinson 
Adam, Chester; William James Axon, Stockport ; 
—— Frank William Baldrey, B.Sc. (Eng.) (Lond.), 
R.E.M.E., Swindon; Harold Blackburn, Derby; 
William Charles Blakeney-Britter, Calcutta; Cecil 
Leslie Boult, Cheltenham ; David Brammer, London ; 
Kenneth Arthur Bryant, Petone, N.Z.; Captain Edwin 


G 
~ 


Leslie Cole, R.E.M.E., M.E.L.F.; Harry Corns, 
Warrington; John Charles Digby Cotes, Bristol ; 
William Dewhurst, Bolton; John Humphrey Maurice 


Draper, B.Sc. Tech. (Manch.), Manchester; Duncan 
Liddiard Evans; Hull; John Irving Peter Fennell, 


George | co-ordinated and compre 


Tue following ifications of engineering interest 
have been issued ie British Stan : Tentitution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
S.W.1, at the price quoted at the end of each paragraph. 


requirements ‘ users. 
therefore, been made to pn pana 

a sper on now been wn up— 
BS. No. 1376-1947—which will, it is hoped, eventually 
su 


the colour soquiveanqes at present set out 
in B.S.Nos.. 505, 563, 623 and 942. The new specifica- 
tion, it is ed, is to be regarded as provisional ; it 
will be revie' and, if necessary, revised as soon as 
data on practical trials are available. while the 
colour. requirements set out in the specifications referred 


to above will remain in. force 


requirements set out in the new specification. The 
new publication is divided into three parts, dealing, 
respectively, with colours, glass filters and methods of 
measurement. [Price 2s. 6d., postage included.) 


Wrought Steels.—A revision of B.S. No. 970, covering 
wrought steels, has recently been published. This 
schedule of steels (called the En Series) was first. pre- 
pared as a war emergency. specification to. provide a 

bee series of steels, for 
general engineering purposes,. but it has proved so 
useful and Paigrare 80 srparelly: secagaised, hes he 
continuation m requested by users y: 
The schedule, accordi , has been eieed, and 
amplified go as to cover the.needs of the general engi- 


neering industry, including -the motor-car industry. 
It apg for some 90 t carbon and alloy 
steels in tensile strengths from tons up to 100 tons 


per square inch. ,The first. section of the 

includes general clauses and covers such matters as 
heat-treatment and general definitions, details of the 
provision of test specimens, methods of pied 
requirements concerning inspection, testing iti 
and re-tests. For each of the steels listed in the main 


Wallington; John William Findlay, Pretoria, S. | section of the , » the chemical composition, 
Africa; Chan Bing Hung, B.Sc. (Hong Kong), Chek- | condition of material on delivery, heat treatment, and 
iang, China ; Captain James George Irvine, R.E.M.E.,|the mechani ie ee eee 
Kirriemuir ; Stuart William Jack, Birmingham ; Alan | are specified. [Price 10s..6d., postage included. ] 


Gabriel Jones, B.Eng. (L’pool), Manchester; Major 
Ralph Lucas, R.E.M.E., -A.C.; Captain Bertie 
a McConnel, N.Z.A.0.C., Wellington, N.Z.; 
Ro Maxwell McRobb, London; Stanley Mann, 
Meltham; Murray Charles Margetts, Durban, S 
Africa; Frank Aubrey Mason, B.Sc. (ing) (Lond.), 
Derby ; Harry Maudslay, Leeds ; Horace Milton Sydney 
Miller, Belvedere ; Thomas Boyd Miller, Stevenston ; 
Kenneth Harold Oosterlaak, Pretoria, 8. Africa; 
Denis Partington, Durban, 8. Africa ; George Quinton, 
London; Fred Denis Read, Stockport; John Reade, 
Derby; Albert John Robeson, Brentwood; Eric 
Ruder, Barnsley; Victor Frederick Henry Samson, 
Bath; Ronald Walter Spriggs, Preston; John Eric 
Malcolm Steel, Bristol ; Lieut. Bertram Henry Towns- 
end, R.E.M.E., M-E.L.F. ; Cyril Francis Trigg, Cardiff ; 
Frederick Trotter, M.Sc. (Manch.), Huddersfield ; 
Arthur Clarence Turner, Birmingham; F.-O. Leslie 
James Vine, R.A.F.V.R., Malta; ‘Frank James 
Williams, Ruislip; William Rodger Wilson, Greenock. 





Liorp’s REGISTER OF SHIPPING: CANADIAN Com- 
MITTEE.—During the recent war, some 2,000,000 tons 
gross, or 77 per cent., of the merchant shipping built in 
Canada was classed with Lloyd’s Register. As a result 
of the expansion of Canadian shipbuilding resources, the 
Committee of Lloyd’s Register have now established a 
Canadian Branch Committee, under the chairmanship of 
Mr. A. L. W. MacCallum, C.B.E., general manager of the 
Shipping Federation of Canada, Incorporated, with offices 
at 231, St. James’s-street. West, Montreal. 





OVERSEAS SURPLUS GOVERNMENT STORES.—Consider- 
able surpluses of a wide range of stores used by the 
Army, Navy and Air Force are available for disposal, in 
the Middle East. These include seven 0-4-0-type loco- 
motives, 90 cm. gauge, built at Diisseldorf in 1928; two 
10-ton Orton steam cranes; four 5-ton Wellman steam 
cranes, and four ,3-ton Marion steam cranes. Further 
details may be obtained on application to the Director- 
General, British Stores. Disposals Mission, Forest Hills, 
Shari Walda, Pasha, Oairo. 


*| at the request of the. 


Fireclay Sanitary Equipment for Schools.—A series 
BS MOE Na 1 


of new standards, to 7-1947, covering 
lavatory. hesies,. sinks, paps sax other fireclay. eanitery 
equipment for schools, e first. specifications produced 


Ministry of Education in colla- 
boration with the Ministry of Works and the Scottish 
Education Department, have been issued. Each 
specification contains the requirements for the parti- 
cular article covered, in respect,.of quality of materials, 
types and sizes, construction , dimensions, and 
details of fittings. The seven standards are published 
in one volume. [Price 7s. 6d., postage.included.] 





BOOKS RECEIVED. 


The State Committee for Building Research, Sweden. 
Publication No. 8. Buckling of Webs in Deep Steel I 
Girders. .A Report of an Investigation Made at the 
Institution of Structural Engineering and Bridge 
Building, Royal Institute of Technology, Stockholm. 
By GEorG WASTLUND and Sten G. A. BERGMAN. In 
English. Statens Kommitté fir Byggnadsforskning, 
Master Samuelsgatan 57a, Stockholm. [Price kr. 6.] 

Ministry of Labour and National Service. Report of the 
Joint Advisory Committee on Conditions in Ironfoun- 
dries. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 6d. net.] 

Experimental Workshop Science for Junior Technical 
Students. By W. J. Peck and G. T. CHAWNER. Sir 
Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. [Price 6s.] 

Electricity Commission. Generation of Electricity in Great 
Britain for the Year Ended 31st December, 1946. 
Analyses and Summaries of the Returns of Fuel Con- 
sumption and Units Generated at the Stations Operated 
by Authorised Electricity Undertakers, etc. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
2s. 6d. net.) 

Department of Scientific and Industrial Research. Road 
Research Laboratory. Road Note No. 1. Recommenda- 

tions for Tar Surface Dressings. H.M. Stationery 





Office, Kingsway, London, W.0.2. [Price 3d. net.] 


elected chairman of the Council of the Royal Society 
of Arts, John Adam-street, Adelphi, London, W.0.2, 
for the year 1947-48, in succession to the late Viscounr 
BENNETT, P.C., K.C., LL.D., who was President of the 
Society and Chairman. ef the Council. 

Sm WILLIAM Gray and Mr. 8. N. FURNESS have been 
elected directors of the Cargo Fleet Iron Company, 


the | Limited. ; 


Mr. B. CHETWYND TaLBoT has been elected deputy 
chairman and general manager of the South Durham 
Steel and Iron Company, Limited. Mr. J. E. SHEPHERD 
bas been made director and chief accountant and Mr. 


be ASTLEY Barton, director and secretary. 


Mr. W. R. VERDON Situ, B.O.L., M.A., and Mr. 0. H. 
Davy have, been elected directors of Messrs. Babcock and 
Wilcox, Limited, Babcock House, Farringdon-street, 
London, E.0.4. .Mr. Yerdon Smith is a director of the 
Bristol Aeroplane Company, , and is President, 
this year, of the Society of British. Aireraft Constructors. 
He is also a member of the Engineering Advisory Council 
and was appointed, last month, a member of the Planning 
Board set up by H.M. Government. Mr. C. H. Davy 
jomed the company in 1920. In January, 1932, he was 
appointed chief research engineer and on January | of 
this year became chief research and development engineer 
to the company. 

Mr. R. F. HANKS, general manager of Nuffield Exports 
Limited, and Mr. S. V. Smiru, general manager of the 
cars branch of Morris Motors Limited, have both been 
elected to the board of directors of Morris Motors Limited. 

Dr. D. W. Davison, of the Brown-Firth Research 
Laboratories, Sheffield, has been appointed senior 
research officer on the staff of the Council for Scientific 
and -Industrial Research, Australia. He is to work 
under Professor J. N. Greenwood in the Baillieu Metal- 
lurgical Research Laboratory, University of Melbourne. 


Dr. J. R..Rarr, B.Sc., has left the service of Messrs. 
William Jessop and Sons, Limited, and has taken up an 
appointment with Messrs. Hadfields Limited, Sheffield. 

Mr. R. A. U. HuppLe,.M,A., bas left the Metallurgy 
Department, Royal Aircraft, Establishment, Farnborough, 
and is now at the Atomic Energy Research Establishment, 
Didcot, Berkshire. 

Mr. C. J. Cuapiin, district.engineer, London Midland 
and Scottish Railway Company, Derby (South), has been 
made district engineer, Bradford. .Mr. G. D.S. ALLEY, 
district .engineer, Abergavenny, succeeds Mr. Chaplin 
at. Derby (South), and Mr. J. CuNNINGHAM, assistant to 
the .district. engineer, Bangor, becomes district engineer, 
Abergavenny. 

Mr. T. M. Steven, B.Sc. (Edin.), A.M.1.C.E., has been 
appointed to the Colonial Service as an executive engineer 
in Nigeria. Other ap) in Nigeria include 
those of Mr. J.. Briags, B.Sc. (Manch.), as an engineer 
in the Posts and Telegraphs Department,.Mr. L. H. R. 
CocKLE as an .executive engineer (roads), Mr. J. 
MoFETRIDGE. as an electrical and mechanical engineer, 
and, Mr. G..P..MaNNERS as an.executive engineer in the 
Public Works Department. Mr. W. H. AUSTIN, 
A,M.LE.E.,. has been appointed an assistant electrical 
engineer in the Posts and Telegraphs Department, Kenya. 

Dr..A. ¥V. BRANCKER has joined the Plant Engineering 
Division of the British Iron and Steel Research Associa- 
tiop as senior assistant fuel technologist. Mr. D. Finch 
has joined the Iron-Making Division, and Mr. G. M. LEaK 
the Metallurgy Division, in each case as assistant tech- 
nical secretary. 

Mr. A. Ramsay Moon is resigning his position as 
Director of the British Welding Research Association. 

Mr. Eric SHaw has been appointed a director of the 
Oughtibridge Silica Firebrick Company, Limited, Oughti- 
bridge, Sheffield. 

Messrs. Evco Too.s, LimtreD, 30, Udney Park-road, 
Teddington, Middlesex, inform us that they have now 
taken larger premises and that their head office is at 44, 
London-road, Kingston-on-Thames ; their works are at 
Fairfield North, Kingston-on-Thames. 





INSTRUCTIONAL FILMS ON AERODYNAMICS.—The Shelf 
Film Unit have now completed three of the six sound 
films in a series to demonstrate the elementary principles 
of flight and expect to release the remainder during the 
present month. They deal with “ Lift,” ‘ Drag,’ 
“Thrust,” “Forces in Balance,” “ Stability” and 
“ Controls ” and are notably alike for the excellent use 
made of simple models and for the illustrative examples 
of actual aircraft, photographed with the collaboration 
of the Royal Air Force. The films are intended pri- 
marily for the instruction of students of aviation, flying 
personnel and ground staff in training, and the senior 
forms in schools. Loan copies are obtainable, on pay- 
ment of return postage only, from the Shell Film Unit, 
Room .101,. Shell-Mex House, Strand, London, W.0.2. 
The cemmentary is to. be recorded also in various foreigs 





languages. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—The works resumed on Tuesday of 
last week and the rolling of fresh-wrought steel was 
resumed on Wednesday. Deliveries were much lighter 
than in a full normal week as a result of the holidays and 
the short week, but conditions for a resumption of full- 
capacity working are quite satisfactory. The only rolling 
units which could not be restarted promptly were the 
plate mill and the rod mill at Dalzell, but these are now 
in normal production. Fuel supplies are momentarily 
low on account of a decline in colliery outputs, but the 
priority enjoyed by steelmakers has kept the industry 
on @ steady production level, and it is anticipated :that 
this position will be maintained until the end of the-year. 
Thereafter, winter shortages are likely to-endanger-even, 
steelmaking unless the present sagging tendency in coal 
output is arrested and reversed. ‘Transport facilities 
are rather limited, and although the steelmakers made a 
special effort during the holiday period to clear standing 
tonnages of finished steel at: the-works there was still steel 
to clear when operations were resumed last week. Raw- 
material supplies have improved and some stocks of pig 
iron and serap have been aceumulated at most of the 
Scottish steelworks. ‘The pig-iron stocks might have 
been larger but for the fact that holiday production of 
pig iron was somewhat restricted ‘by repairs. The new 
large blast-furnace unit at Clyde Iron Works, due to 
commence production in September, will increase sup- 
plies, though one of the existing large furnaces is due to 
go off for overhaul at the earliest possible moment. The 
coke supply for the third furnace'has yet to be arranged. 

Scottish Coal.—Supplies.of coal are moving in reduced 
volume as a result of the poor restart of the men in many 
parts of the Scottish coalfield. For several days after 
the holidays had officially ‘terminated, it is reported, 
many men remained absent, though this was much less 
marked in Fife, the Lothians, and Ayrshire than in 
Lanarkshire. There is a growing fear that the five-day 
output is more likely'to decline than expand if present 
trends in the attendance figures continue. The main reli- 
ance is placed om imported coal to ease the existing short- 
age of stocks, but this might necessitate the use of such a 
large number of wagons to carry the coal from the ports to 
consuming points as to jeopardise seriously the number 
of wagons available for the use of the collieries them- 
selves; not immediately, but when winter conditions 
arise. Meantime, users have adequate supplies for imme- 
diate purposes. The slowing down in the replenishment 
of stocks is the great problem. Exports are purely 
nominal. The demand for bunkers is very strong, but 
shipping requirements have high priority and clearances 
at loading porte have p ded fairly thiy. 








WORLD TELEPHONE StaTIstics.—In a written answer 
to Mr. ‘L. D. Gammans in the House of Commons on 
Friday, August 1, the Postmaster-G 1 (the Rt. Hon. 
W. Paling) gave the following figures of telephone 
stations installed per 1,000 of population for the latest 
year for which they were available : the United Kingdom, 
86; Belgium, 45; Bulgaria, 7; Denmark, 140 ; France, 
46; Mexico, 10; New Zealand, 152; Norway, 109; 
Portugal, 4; South Africa, 22; Sweden, 183; Switzer- 
land, 148 ; and the United States, 211. 








CONFERENCE ON ELECTRON Microscopy.—The seventh 
conference on electron microscopy, held under the auspices 
of the Electron Microscopy Group of the Institute of 
Physics, will be held in the Physics Department of the 
University of Leeds on Tuesday and Wednesday, Sep- 
tember 16 and 17. The conference opens at 10.asm.oen 
the first. day, when Drs. R.\Reed and K.\M. Rudail will 
read & paper on ‘‘ Studies on Collagen and Musele Struc- 
ture,” .a second paper, “‘ The Preparation of Bacteria 
for Electron Microscopy,” by Dr. E. Brieger, Dr. ‘V. 
Oosslett,\Mr. G..R. Crowe, and Dr. C. F. Robinow, will be 
presented at tl a.m,,and, at noon, Dr. F.M. L. Sheffield 
will speak on ‘‘’The Virus in the Plant Gell.” At 2.15 
p.m., short contributions will be presented, the first: being 
“Some ‘Notes on Manipulation and Methods,” ‘by Dr: 
A. E. J. Vickers, and the second, “The E:M.3 ‘Micro- 
scope,” by Mr. R. Page. Further short. contributions, 
on work in progress, experimental difficulties, and other 
matters, taking not more than 15 minutes to deliver, are 
invited for this session. The annual meeting of the 
Group .will be held at 5.30 pm. On the second day, 
ee September 17, a discussion on ‘‘'The (Rffect 

of Temperature and Other Conditions on the Quality of 
Electron Micrographs ” will |be opened at 10 a.m. \by. 
Dr. V..B. Coselett and: Dr. I. Dawson. Ati11,:30a:msa 
discussion on “Photographic Problems” jis'to be ar- 
ranged. /After luncheon, from 2.15.until'4,30. p.n., there 
will be demonstrations of apparatus and photographs, 
including ‘the new Metropolitan-Viekers electron micro- 

honorary secretary of the Group is Dr. V..E. 
Oosslett, 'F.Inst.P,,. Cavendish Laberatery, ‘Cambridge. 
of Dr. R. Reed, Department of ae Structure, 
The University, Leeds, 2. 


-ingyin Sheffield industry than before the war. The heavy 
fren and steel industries have taken the majority of the 


E. | various parts of the coalfield to a stop during the past 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Iron und Steel.—Steel and engineering works have been 
closed for the annual holidays, but resumption was due 
yesterday and to-day. Extensive overhauls of plant 
and machinery have been taking place. The extent of 
Sheffield industrial activity may be gauged from the fact 
that ‘the number of employed in the city approaches 
200,000 which is almost as high as the pre-war figure. 
More labour is needed in steelworks, and if available it 
would be possible to place immediately 600 skilled and 
unskilled men. There are fewer than 1,000 on the 
unemployment register, the lowest since October, 1945 ; 
the majority are unemployable. More women are work- 


670 Poles who have been found employment in Sheffield 
since January. The lighter industries continue to employ 
large numbers of women recruited from neighbouring 
mining towns and villages; these employees are trans- 
ported to and from their work by private services of 
buses organised by the employing firms. Extension of 
the five-day working week is causing goods transport 
systems to become choked at week-ends. A committee 
of the Sheffield Chamber of Commerce suggests that 
local arrangements to enable goods to be received and 
dispatched on Saturdays would afford temporary relief, 
pending a national solution of the problem. The com- 
mittee discloses that one railway company on one day in 
Sheffield lost 450 wagon-days compared with the corres- 
ponding day in 1946, 370 on private sidings and 80 on 
other sidings. It is stated that, during the months most 
favourable to transport, the effects of the week-end 
hold-ups were extending over to the middle of each fol- 
lowing week. The onset of winter, the report points out, 
may well throw goods transport into complete chaos. 
South Yorkshire Coal Trade.—Unofficial extension of 
the miners’ annual holidays has affected coal production 
at some pits seriously and mid-week sporting events have 
again proved an irresistible attraction. Industrial steams 
are accumulating as a result of works holidays. The 
demand for coking coal is particularly strong, and special 
attention has been given to the allocation of 1 tive 
hards to the railways for holiday train services. Coke is 
an active market, and there is a demand for patent fuel. 








NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

The Welsh Coal Trade.—Because of a dispute concern- 
ing payments for week-end shifts, winding enginemen 
at the South Wales collieries have decided to tender 
notices to terminate contracts. These will take effect 
in three weeks’ time. The difference that has arisen 
between the National Coal Board and the South Wales 
and Monmouthshire Winding Enginemen’s Association 
is over the interpretation of a clause in a pre-nationalisa- 
tion agreement. It was claimed by delegates ata con- 
ference in Cardiff that enginemen were at a disadvantage 
compared with other continuous shift men who were 
enjoying special terms under the five-day week agreement. 
The enginemen were claimed to be working on a six-day 
week basis. Colliery overmen and deputies who recently 
threatened to strike because of the failure of the National 
Coal Board to recognise their Association have now been 
told by the Board that the recognition is absolute so 
far as deputies are concerned but that-other organisations 
claimed to represent other workers. The Association 
has. decided to press for recognition in respect of all its 
membership. Supplies of coal have been quite inade- 
quate to meet all requirements on the Welsh steam-coal 
market during the past week. The demand has remained 
at.a high level, especially in the home trade, but:in view 
of ‘the miners’ holidays, which have brought mines in 


month, producers were kept fully occupied in maintaining 
the steady flow of supplies to the essential home con- 
sumers. In some instances, deliveries are in arrears. 
Consequently, there has been very little coal available 
for ordinary industrial purposes, while exports have been 
virtually impossible to arrange. Some foreign consumers 
are still showing a sustained interest, but there was no 
coal available and there were no prospects of any becom- 
ing free for this trade for a long time. Some cargoes 
of the very poorest coals were being spared for delivery 
to users in Eire. 

Swansea Steel-Sheet Industry—The market report 
issued ‘by the Incorporated Swansea Exchange states 
that although the production of tin-plates has reached a 
comparatively high level. makers, having sold a large 
proportion of the probable output for the current quarter. 
are unable to accept all the orders offered; thus, last 
week, the volume of;new business transacted was on a 
prweduced scale. In the export market, the demand is 
fully maintained, but the available supply does not 
permit of much business being done. Makers of steel 
sheets are inundated with orders and the pressure for 
deliveries is now more intense. The iron and steel scrap 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
General Situation.—The demand for iron and steel is 
still overwhelming. Home consumers and exporters 
are pressing for much larger deliveries than producers 
are able to provide and any increase in output is practi- 
cally impossible. There is no actual shortage of native 
ironstone, limestone or foreign ore, but the continued 
acute scarcity of pig iron has necessitated further restric 
tion of tonnage distribution. Purchase for stock is 
not permitted, export is forbidden and licences for home 
consumption are grarited for no more than two months 
ahead. The pig-iron deficiency has intensified the 
demand for cast-iron scrap. Fairly large quantities 
have been obtained for the foundries, but inquiries are 
still numerous and extensive. 
Foundrij and Basic Iron.—Users of high-phosphorus 
pig iron take up parcels promptly as they become 
available and are demanding larger deliveries. The 
shortage of foundry pig is seriously hampering the 
manufacture of many commodities urgently needed 
beth for home requirements and ‘for shipment overseas. 
The basic blast-furnaces are running the whole of their 
output directly into the makers’ own consuming depart- 
ments. 
Hematite, Low Phosphorus and Refined Iron.—The 
moderate make of East-Coast hematite is going steadily 
into use. Low- and medium-phosphorus grades of 
iron are still needed in large quantities, though very 
extensive use is being made of cast-iron scrap. There 
are many purchasers for distributable parcels of refined 
iron. 
Manufactured Iron and Steel.—Firms turning out semi- 
finished and finished iron commodities have bookings 
that will keep them well employed for some time. The 
demand for semi-finished steel still greatly exceeds the 
home production capacity and further consignments of 
foreign commodities are anxiously awaited. The most 
urgent requirements of the re-rollers are small billets 
and sheet bars. In the finished branches of industry, 
demands for Jarger supplies are increasing. Manufac- 
turers have embarrassingly heavy bookings, and the 
issue of delivery licences is strictly supervised. Industries 
outside the special-priority groups are not receiving any- 
thing approaching the quantities of steel they require, 
but shipbuilders are faring rather better than they did 
during the second quarter of the year, and some increase 
in the motor industry’s quotas is likely in the near future. 
Scrap.—The demand for good heavy steel scrap ‘is 
enormous and cast-iron scrap of all grades is in very 
strong request. 





CONTRACTS. 


Messrs. Wiip*BARFIELD ELECTRIO FURNACES, Limi- 
TED, Electurn ‘Works, Watford, have received an order 
for heat-treatment plant and ancillary equipment for the 
aero-engine ‘factory of the Turkish organisation. Hava 
Kurunw, ‘Ankara, which is to manufacture de Havilland 
Gipsy engines. 

THE GENERAL ASPHALTE CompaNy, LimITED, Hope 
House, Great Peter-street, London, S8.W,1, have received 
a coatract from the Londen Midland and Scottish Rail- 
way Company for asphalt floor finishings to certain 
platforms, subways, and,inclined approaches to subways 
at New Street Station, Birmingham. 


In-connection with the rehabilitation of office accom~ 
modation .at (Eusten Station, London, to which the 
various headquarters staffs of the London Midland and 
Scottish Railway Company are being transferred from 
the war time: headquarters at Watford, a number of con- 
tracts ‘have been yplaced recently. Orders for heating 
installations “have been given to the NoRRIS WARMING 
CoMPANY, Lamrrep,!Burley House, Theobalds-road, Lon- 
don, \W.C.1; ‘for theating and hot-water services at a 
staff hostel. Eusten-square, to Messrs. WILLIAM FREER, 
Lauren, 49, Red \Lion-street, High Holborn, London, 
W.C.1 ; .and for lighting and inter-office telephonic com- 
munications, to ‘Mussrs. RaSHLEIGH PHIPPS AND CoM- 
PANY, LamireD, 2,Hanover-square, London, W.1. Con- 
tracts for -asbestes spraying have been placed with 
MESSRS. TURNERS .ASBESTOS CEMENT COMPANY, LIMITED, 
Trafford Patk, ‘Manchester, and for general alterations 
and redecorations with Messrs. JaMES CARMICHAEL 
(ConTRacTORS), “Limfrep, 331, Trinity-road, London, 
S.w.18. 





GOVERNMENT-FACTORY ALLOCATION.—The Board ef 
Trade announce that the surplus Government Factories 
Nos. 2, 3 and 4, at Grantham, occupied since 1945 by 
.Grantham Productions, Limited, are now available for 
re-allocation. Inquiries should be addressed, by Augurt 
15, to the Distribution of Industry and Regional Division, 





market remains somewhat quiet. 





Board of Trade, Millbank, London, S8.W.1. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMrPie Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada 


For Canada... 
Subscribers receiving incomplete copies 

newsagents are requested to communicate the fact to 

= Publisher, mentioning the agent’s name and 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art Paper two-colour supplement, as 
well as for insets, can obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings .of ‘‘ Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s, per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s, per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to wafianis 
proofs for approval. 


The Proprietors will not hold themselves ible 
for advertisers’ blocks left in their possession for more 
than two years. 
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ELECTRICITY SUPPLY AND 
FUEL CONSUMPTION. 


Untit 1939 the Electricity Commissioners issued 
an annual return showing, in some detail, the elec- 
tricity generated in and the fuel consumed at those 
stations in Great Britain which gave a supply of 
power to the public. These statistics were not only 
useful as a record of technical and economic develop- 
ment, but undoubtedly had a psychological effect, 
which consciously or unconsciously acted as a 
stimulus to further improvement. During the war 
this publication ceased, since, like so much else that 
was useful, it was held that figures of this kind 
would provide the enemy with valuable information ; 
and although quite how it would have done this is 
not altogether clear to the naturally unsuspicious, 
in this particular case it was probably wise to be on 
the safe side. As a result, it was not until May of 
the present year that full statistics were again 
published.* These covered the year ended Decem- 
ber 31, 1945, although they were linked with 1938 
by summarised information which dealt only with 
the larger stations. The return for the year ended 
December 31, 1946, which was published with com- 
mendable promptitude last week,} is therefore the 
first of the post-war series; and enables some 
interesting comparisons to be made between con- 
ditions in the transition period from war to peace 
and those existing eight years earlier. 

Primarily, of course, there has been a considerable 
increase in the amount of electricity generated, 
for while in 1938 the output from 374 stations was 
24,372,068,431 kWh, it was 41,252,550,045 kWh 
from 344 stations in 1946. The increase was there- 
fore 16,880,481,614 kWh, or nearly 70 per cent. 
Similarly, in the former year, 14,186,011 tons of 
coal and coke were consumed, compared with 
25,482,933 tons in 1946, an increase of 11,296,922 
tons, or very nearly 80 per cent. It is evident from 
these figures that increased output has not been 
accompanied by higher economy. This is con- 
firmed by the trends that are observable in the pre- 


* See ENGINEERING, vol. 163, page 387 (1947). 
+ Generation of Electricity in Great Britain. London: 
H.M. Stationery Office. [Price 2s. 6d. net.] 








war and post-war periods, respectively. In 1938, the 
amount of electricity generated represented an 
increase of 6-4 per cent. over the output for the 
previous year, while the increase in the coal con- 
sumption was only 1-1 per cent. In 1946, on the 
other hand, while the figure for electricity generated 


24| showed an increase of 10-6 per cent. over that of 


1945 the coal consumption had increased by 11-7 
per cent. Further, in both years the Battersea 
station of the London Power Company was the most 
economical in the country. In 1938, however, its 
average fuel consumption per kilowatt-hour sent 
out was 0-9 lb., but in 1946 it was 0-96 Ib., in spite 
of the fact that the load factor was very slightly 
higher in the latter year. The thermal efficiency, 
based on the electricity sent out, also fell from 
27-63 per cent. in 1938 to 26-49 in 1946. Moreover, 
in 1946 the average fuel consumption for the country 
was 1-52 lb. per kilowatt-hour sent out, com- 
pared with 1-51 Ib. in 1945 and with 1-45 Ib. in 
1938. A combination of this increase of 0-7 lb. 
with the higher output in 1946 represents a coal 
consumption of over 1,000,000 tons, a figure which 
should bring home to those concerned the urgent 
need for an improvement in the quality of the fuel 
supplied to the power stations. A comparison 
between the two years also shows that there has 
been little or no increase in the overall thermal 
efficiency. The reasons for this unsatisfactory state 
of affairs are well known and need not be repeated. 
Unfortunately it is not improbable that the returns 
for 1947, when they are published, will show a 
further deterioration ; and that even after that it 
may be some time before the figures take that 
encouraging upward turn to which we were accus- 
tomed ten years ago. 

Until that turn occurs, analysis of these returns 
must be an unpleasant task. It may be mentioned, 
however, that, in addition to Battersea, 38 stations 
showed in 1946 a fuel consumption of less than the 
average of 1-52 Ib. per kilowatt-hour sent out. It is 
interesting to note that, in 1938, 32 stations were 
generating with a fuel consumption of less than 
this figure. This improvement is probably due to 
the inauguration of several efficient stations during 
the war, an occurrence which has been partly 
counteracted, however, by the necessity for retain- 
ing much obsolete and obsolescent plant in service. 
Next to Battersea the stations with the lowest 
fuel consumption were Fulham and the Llynfi 
station of the South Wales Electric Power Com- 
pany, each of which reached a figure of 1-05 Ib. 
per kilowatt-hour sent out. It is interesting 
to note in this connection that the second of 
these two stations had the comparatively small 
output of 403,986,000 kWh, compared with 
1,402,291,400 kWh for Fulham. On the other 
hand, its load factor was 73-8 per cent., while that 
for Fulham was only 54-1 per cent. It may also 
have been in a more advantageous position with 
regard to the supply of suitable coal. 

The station with the highest thermal efficiency 
was the Hams Hall B station of the Birmingham 
Corporation, where a figure of 26-7 per cent. was 
obtained. Forty-two other stations succeeded in 

ing efficiencies of 20 per cent. or more. These 
included the Battersea station of the London Power 
Company, with 26-49 per cent. and the Llynfi 
station of the South Wales Electric Power Company 
with 26-17 per cent. The figures for the Dunston 
station of the North-Eastern Electric Supply Com- 
pany, for the station of the Fulham Borough Council, 
the Early station of the Central Electricity Board, 
the Little Barford station of the Bedfordshire, Cam- 
bridgeshire and Huntingdonshire Electricity Com- 
pany, and the Barking*station of the County of 
London Electric Supply Company all exceeded 
25 per cent., while those of the Castle Meads station 
of the Gloucester Corporation, the Littlebrook 
station of the Kent Electric Power Company, the 
Mexborough station of the Yorkshire Electric Power 
Company, and the Kearsley station of the Lancashire 
Electric Power Company were only a little lower. 
The majority of these stations were completed during 
the war and were therefore equipped with modern 
plant, factors which go to show that it is not poor 
design which is accountable for the stagnation which 
it is unfortunately necessary to record. As the num- 
ber of stations at which the thermal efficiency 
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exceeded 20 per cent. was only 30 in 1938, it is clear 
that advances are being made, although much more 
remains to be done. The overall average thermal 
efficiency for the country is not given in the returns. 
Tt was stated, however, by Mr. F. W. Lawton in the 
paper on ‘‘ Recent Develo ts in Power Station 
Practice,” which he read before the In 
Municipal Electrical Association at Bournemouth in 
June to be about 21 per cent. § Mr. Lawton also 
stated that the optimum efficiency of the steam 
cycle is of the order of 31 per cent., from which it 
may be deduced that the search for new methods 
should be vigorously pursued. It is, nevertheless, 
satisfactory to record that the gap between the 
optimum and the average is not very wide. 

In 1938 a little over 95 per cent. of the output 
from public electricity supply stations was 
in steam stations fired by coal, coke or oil. In 
1946, this figure had risen to 96-84 per cent., which, 
in turn, shows a.slight increase over that for the 
previous year. Although the quantity generated 
by water power increased from 985,631,697 kWh 
in 1938 to 1,136,501,172 kWh in 1946, the latter 
figure only represented 2-92 per cent. of the total, 
compared with 4-27 per cent. in the earlier year. 
With the possible exceptions of Belgium and 
Holland, there can be few countries which are so 
dependent on coal for their electricity supply. This 
emphasises the urgent necessity for eaaaten 
every possible means of improving the thermal 
eyele. 

As regards the origin of the electricity generated, 
there has not been much change during:the peri 
under review. As before, the first, second and third 
places on the list are occupied, respectively, by the 
south-east, north-west and central England areas. 
South-west and mid-east England now occupy the 
fourth and fifth places, which is a reversal of the 
1938 position, and a similar interchange between 
north-east England and north Scotland has occurred 
in the sixth and seventh places. This seems to 
indicate that generation is still taking place mainly 
near the centres of load. : 

From.the point of view cf organisation the return 
shows the progress that has been made towards 
that concentration of the generating requirements 
of the country in a comparatively small number of 
large stations, which was one of the objects of the 
Electricity Supply Act of 1926. At that time the 
number of public generating stations was 570 and, 
as has been mentioned already, this had been re- 
duced to 374 in 1938 and to 344 in 1946. Although 
this is a considerable reduction and has been made 
possible, of course, by closing more small stations 
than opening new large ones, as well as by the 
creation of the national grid, it is very much in 
excess. of the 50 odd which, it was thought, would 
meet our requirements when the Central Electricity 
Board was established 20 years ago. This condition 
is due, in part, to the large increase in the con- 
sumption of electricity for all purposes, which would 
in any case have necessitated a corresponding 
increase in plant capacity. There are, however, 
other reasons. One is that notwithstanding the 
improvement in load factor which has taken place, 
@ proportion of the total .plant installed is only 
required to work for one or two-shifts during the 
24 hours. Consequently, it has been found economic 
to employ obsolescent stations for this purpose 
rather than to shut them down altogether. Another 
reason is the difficulty of finding sites upon which 
to build stations of even moderately large capacity. 
This difficulty would obviously have increased if con- 
centration had been pushed very much farther than 
it has been. Finally, for reasons which may be 
conveniently described as strategic, there is a danger 
in carrying concentration too far, even though the 
amount of generating plant which was damaged 
by enemy action during the last war was fortunately 
inconsiderable. It is therefore fairly safe to pro- 
phesy that while full advantage will be taken of the 
economies that can be obtained by the erection 
of large stations, that policy .is not likely to be 
pushed .to the extreme .limit within the next few 
years. Moreover, by the time a.change.in that 
policy becomes necessary other methods may have 
been found which will bring sbout a complete 
alteration in present.methods.and thus profoundly 
affect. our practice. 





RAILWAY STATISTICS FOR 
1946. 


Amone the many factors affecting the economic 
welfare of this country, the efficiency of the transport 
industry occupies an important position. The rail- 
way section of that industry, like many other 
branches of activity, is suffering from inadequate 
supplies of coal, but it has been pointed out many 
times that the difficulties of its problems are accen- 
tuated by a shortage of locomotives and goods 
wagons, particularly the latter. Information in 
general terms has been supplied frequently by 
Government speakers, but proper consideration of 
the many problems involved can only be under- 
taken in the light of specific and detailed informa- 
tion. This has now been supplied by the publica- 
tion of the statistical returns for the year 
1946.* 

Making every allowance for post-war difficulties, 
it cannot be said that the goods-wagon position 
reflects credit on those who are responsible for 
dictating the conditions under which the railways 
are operated. In 1938, the railway companies 
owned 663,589 wagons, this figure including cattle 
trucks, brake vans and other special types ; in 1946, 
the total showed a small rise to 664,904. This 
improvement, however, is far from being reflected 
in the number of wagons available for service. In 
1938, the number under or awaiting repair was 
18,800 ; in 1946, it was 71,727. The general trend 
of affairs is clearly illustrated by the figures for the 
numbers not available for use for the years 1938 to 
1946. These were 18,800, 18,743, 22,463, 21,339 ; 
a 29,114, 49,501, 68,540 and 71,727. Apart 

from a slight recovery in 1941, these figures show a 
progressive and accelerating deterioration. Statis- 
ties for requisitioned wagons show the same ten- 
dency. There were no requisitioned wagons in 
1938, but the figures for those undergoing or awaiting 
repair for the years 1940 to 1946 were 22,115, 
27,438, 25,698, 28,176, 39,462, 55,746 and 68,562. 
Many repairs were deferred during the war, so that 
a heavy accumulation of work has had to be faced ; 
but the war in Europe ended on May 9, 1945, and 
so far from there being any signs of reduced arrears 
since that date, the stock of unusable vehicles has 
increased. 

A review of railway statistics is perhaps not the 
proper place for reflections on general economic and 
industrial procedure, but it is permissible to point 
out that the goods-wagon position, in common with 
many other matters, will not be rectified by a policy 
of doing less work for more money. The state of 
affairs revealed by the figures for goods wagons 
applies also to coaching vehicles, the numbers avail- 
able in the last three years being 37,305, 36,025 and 
35,697. The locomotive position is more satisfac- 
tory and shows a growing increase in stock. Steam 
tender locomotives numbered 12,595 in 1946, 
against 12,433 in 1945 and 12,349 in 1944. Steam 
tank engines, however, show a falling tendency, the 
corresponding figures being 7,707, 7,707 and 7,727. 
Passenger-carrying electric rail motor vehicles in- 
creased from 2,231 in 1945 to 2,263 in 1946, but non- 
electric vehicles of the same type decreased from 
81 to 61. These latter are mainly employed on 
branch lines and the fall in their numbers is probably 
explained by the growth of road services. 

The task of the operating staffs of the railway 
companies was presumably eased by a decrease in 
traffic. The smaller stock of wagons moved 


| 262,370 thousand tons of merchandise in 1946, 


against 266,444 thousand in 1945. In 1943, the 
figure was 300,858 thousand tons, but this was 
clearly largely war material on Government account. 
The trade position and trend are better revealed by 
@ comparison with 1938. In that year, 265,748 
thousand tons were moved, which is not greatly 
different from that of 1946, but there was a signi- 
ficant change in the items making up.the total. 
In the earlier year, 172,773 thousand tons of coal 
were handled ; in 1946, 148,169 thousand tons. The 
only satisfaction to be obtained from this latter 
figure is that it is 5,036 thousand tons. higher than 


* Summary Table of Statistical Returns of Railways of 
Great Britain, 1946. London: H.M..Stationery: Office, 
Kingsway, London, W.C.2. . [Price 6d. net,) 








the total for 1945. These figures cannot be taken 
as a measure-of coal available ; 'they-are influenced 
by the location of industries favoured in the matter 
of supplies owing ‘to their importance and partly, 
it would be satisfactory to think, by some attempt 
to furnish users with the type of coal they require. 
Excluding coal, the merchandise handled in 1946 
showed a satisfactory increase over that of 1935 ; 
the comparative figures are 114,201 thousand tons 
and 92,975 thousand tons. Unfortunately, the 
former figure shows a considerable decrease on the 
123,311 thousand tons of 1945. 


The number of passenger journeys decreased in 
every item except that representing season-tickct 
holders. In 1945, the total was 1,371,794 thousand, 
and in 1946, 1,266,043 thousand. The average 
length of passenger journey also decreased from 
26-85 miles to 23-93 miles, and the average receipt 
per passenger from 2s. 363d. to 2s. 2-45d. It may 
be that the great extension of holidays with pay 
may improve on these figures for this year, but as 
they stand they do not form an encouraging outlook 
for a nationalised railway system at a time of 
increasing costs of operation. Apart from this 
consideration, the expanding industrial activity 
which is so desirable would presumably be accom- 
panied by an increase in passenger journeys, and 
the existence of a decrease instead of an increase is 
disturbing. It is possible that the fall is partly to 
be explai by less Service travel and some 
reduction in the number of Government servants 
moving about the country. 

Records relating to track maintenance are more 
satisfactory than those of rolling stock. The cubic 
yards of ballast laid, the weight of rails and the 
number of sleepers al] show increases over those of 
1944 and 1945, although all are considerably below 
the figures for 1938. It is possible, in view of the 
intensive service rendered by railway tracks during 
the war, that the progress in maintenance work 
shown by the figures for the last three years is 
smaller than is desirable, or, perhaps, even neces- 
sary, but they show some movement in the right 
direction. Much more remains to be done. The 
expanding trade, which is postulated as an essential 
factor in the economic future of this country, must 
have as one of its concomitants an expanding rail- 
way traffic. This cannot be catered for properly 
without well-maintained tracks, and the leeway 
still to be made up is indicated by the fact that in 
1946 the number of new sleepers laid was 1,296,451 
less than in 1938, and the weight of rails 33,854 tons 
less. Apart from questions of the labour necessary 
for carrying out track maintenance, this falling off 
is clearly due to shortage of supplies, but that ex- 
planation does not alter the fact that third-class 
railway tracks cannot render first-class service. 

More than once it has been stated that the 
condition of some lines may necessitate a reduction 
in train speeds, which means a reduction in the 
capacity of the lines. The statistics do not indicate 
any onset of this effect in the past few years, and, 
in 1946, miles per train-hour and per engine-hour 
for both pessenger and freight services were all 
slightly better than in the previous three years. 
As in other cases, however, the figures compare 
unfavourably with 1938. In 1946, the average 
miles per train-hour, for passenger trains, was 
14-32; in 1938, it was 15-08. Another tendency 
which is tantamount to a reduction. in the capacity 
of the lines is illustrated by the figures for the 
number of freight wagons per train-mile. The total, 
loatied and empty for 1946, was 34-19, against 
34-93, 35-42 and 34-77 for the previous three 
years. These figures are not greatly different one 
from the other, but they exhibit a trend in the 
wrong direction. If they indicated an average 
increase in the size of wagon, they might be inter- 
preted as showing an increase in railway capacity, 
but that they do not, is evident from the fact that 
the total freight-train load in tons was -smaller in 
1946 than in any of the preceding three years. 
A matter of technical interest is that the ceal con- 
sumption per engine-mile increased slightly over 


the previous year, rising to 64- +31 Ib. from 64;21 Ib. 
This difference is too slight to warrant.any deduction 
from it, but, with a considerable mors. dom of new 
‘locomotives coming into service, a movement in 
the opposite direction might have been expected. 
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NOTES. 


Tae Wurrworts Soorry. 


SPEAKING at the 22nd commemoration luncheon 
of the Whitworth Society on July 30, the new 
President, Professor Andrew Robertson, said that 
inquiry at the library of the Institution of Mech- 
anical Engineers indicated that no really substantial 
life of Joseph Whitworth had ever been written 
This was a matter in which the Society might 
interest itself. The main purpose of the Society 
was to keep green the name of Whitworth, and that 
name was closely associated with an important 
stage in the history of engineering, a subject with 
which it was of interest and value to the younger 
generation of engineers to keep in touch. Although 
Whitworth, could he know of present developments, 
might be i and gratified, it was possible 
that he would think that even now the develop- 
ments in labour-saving methods, which he saw in 
the United States in 1853, had not influenced 
practice in this country to the extent desirable. 
Apart from his many contributions to the progress 
of mechanical engineering, Whitworth occupied a 
special position in the history of engineering educa- 
tion; at the time of the foundation of his scholar- 
ships, there was relatively little provision for 
students desiring to pursue an engineering career. 
Professor Robertson, who was inducted into the 
chair by the retiring President, Mr. Leslie Houns- 
field, referred to the fact that before the war it 
was the practice of the Society to hold a summer 
meeting, in addition to the annual luncheon or 
dinner. He hoped that it would be possil le to revive 
this practice in the course of his year of office. It 
was announced that Mr. I. V. Robinson, the honorary 
treasurer, had been nominated as President-elect 
and would take office next year. Professor 8. J. 
Davies, who held the office of honorary secretary 
through the war and for many years before, has 
retired, and Dr. F. T. Barwell has been elected to 
the post. As, at one time, there was considerable 
discussion, amounting in some quarters almost to 
an agitation, about the fact that what appeared 
to be an undue proportion of Whitworth Scholar- 
ships were awarded to apprentices of the Royal 
Dockyards, it may be of interest to mention that, 
of the five new Scholars present at the lunch, one 
each came from Halifax, Sheerness and Bedford, and 
two from Derby. 


Tue Severn SusPension Brinae. 

On July 31, the Ministry of Transport issued a 
statement that the Minister, the Rt. Hon. Alfred 
Barnes, M.P., had made an Order authorising the 
construction of a suspension bridge across the 
Severn estuary, together with the necessary approach 
roads. The Order was made under the Trunk 
Roads Act, 1946, and came into force on the 
following day, August 1. It is the outcome of a 
public inquiry, held in Bristol a year ago, into a 
proposal to construct a new road to link the main 
road from Gloucester to Bristol, on the east side 
of the estuary, with the main road from Gloucester 
to Newport, Cardiff and beyond, on the west side, 
and covers the construction of a bridge over the 
river Wye, at Chepstow, in addition to the Severn 
bridge. The total length of the new road will be 
about eight miles, from its junction with the 
Gloucester-Bristol road north of Almondsbury to 
the junction with the Gloucester-South Wales road 
south of Haysgate, and it is estimated to cost. about 
9,000,000/. Preliminary work has been in 
for some 18 months or more, and has included a 
series of test borings and soundings in the bed of 
the Severn estuary, one result of which has been a 
modification of the design of the main bridge. to 
avoid a site origi for the eastern 
tower of the bridge, which was.found to be unsatis- 
factory. as a foundation. 1t.has.now been decided 
to construct the eastern tower on.a, rock outcrop 
known as Great Ulverstone, instead of farther into 
the river, with the result that the length of the 
central span .will be inereased from 3,000 ft., to 
3,300 ft. ;, this increase, it is stated, will make the 
central span the longest in Europe, and the third 
longest in the. world, being exceeded pred 
4,200 ft. of the. Golden Gate, bridge and.the 








span of the George Washington bridge. It is 
intended to begin construction in the spring of 
1948, but. prel work is already in hand for 
the foundations of the piers and the anchorages 
for the main suspension cables, and tenders will be 
invited before the end of the present year for the 
construction of the piers themselves, which will be 
of concrete surmounted by steel towers supporting 
the cables. Tenders will also be invited in the 
coming autumn for the construction of a breakwater 
at Beachley, on the western side of the estuary, 
to enable the present Aust-Beachley ferry service 
to continue in operation while the bridge pier at 
Beachley is being built. Meanwhile, research work 
(estimated to extend over 18 months) will be under- 
taken with a scale model of the bridge to investigate 
the aerodynamic properties of the design. It is 
expected that the construction of the bridge and 
approach roads will occupy six years or more, and 
will employ directly some 2,500 men in due course. 
The two side spans of the Severn bridge will be of 
about 1,000 ft. each. The height of the centre span 
above high-water level will be 110 ft. at the towers 
and about 120 ft. at the centre. The concrete piers 
will be, in plan, 200 ft. long, and 60 ft. wide, and 
the height of the towers will be 480 ft. above high 
water. Each tower will consist of two legs, 30 ft. 
square in section, braced by cross panels at the 
roadway, at the top, and intermediately at a height 
of about 70 ft. above the roadway. The concrete 
anchorages for the main cables will measure about 
250 ft. long by 130 ft. wide. The bridge will provide 
two carriage ways, each 24 ft. wide ; two cycle 
tracks, each 9 ft. wide; and two 6-ft. footpaths. 
The bridge over the Wye will have six 150-ft. spans, 
two of 175 ft., and a central span of 200 ft., with 
52 ft. headroom for navigation at high water. The 
joint consulting engineers are Messrs. Mott, Hay 
and Anderson, and Messrs. Freeman, Fox and 
Partners ; and the architect is Sir Percy Thomas. 


Roya InstiruTioN OF CHARTERED SURVEYORS. 

Following upon the honour conferred in May, 
1946, upon the Chartered Surveyors’ Institution 
by His Majesty the King, in commanding that it 
should be known thenceforward as the Royal 
Institution of Chartered Surveyors, His Majesty has 
now made an Order in Council giving formal approval 
to the change in title and to consequential alterations 
in the professional designations of chartered 
surveyors. These alterations involve amendments 
to the Institution’s Royal Charter, granted by 
H.M. Queen Victoria in 1881, and the Supplemental 
Charter granted by H.M. King George V in 1922. 
The Order in Council provides that a Fellow of the 
Institution may use the initials F.R.1.C.S. after his 
name, and that a Professional Associate may use 
the initials A.R.I.C.S. These replace the abbrevia- 
tions “‘ F.S.I.” and “‘ P.A.S.I.,” which have been in 
continuous use since 1881. Each professional mem- 


ber of the Institution may, in addition and subject | gard 


to the provisions of the by-laws, style himself a 
Chartered Surveyor. The profession of surveyor 
is defined in the Institution’s Royal Charters as the 
art of determining the value of all descriptions of 
landed, mineral and house property and of the 
various interests therein ; the practice of managing 
and developing estates; the science of measuring 
and delineating the physical features of the earth 
and of measuring and estimating artificers’ work, 
namely, quantity surveying. Founded in 1868 
as the Institution of Surveyors, with a membership 
of rather less than 200, the Royal Institution of 
Chartered Surveyors now has over 13,500 members, 


Progress | probationers and students. 


British RESEARCH IN THE RabDI0 FIELD. 

In 1945, the Council of the Institution of Elec- 
trical Engineers appointed a permanent committee 
to advise them on matters connected with electrical 
research and, at their first meeting, this body set.up 
@ panel to carry out a.general review of the facilities 
for research in the radio field. The panel have now 
published a report in which, after .a review. of the 
present position of radio research in Great Britain, 
it is emphasised that this work.should be stimu- 
lated so that British scientists and engineers en- 
gaged in radio development may receive a steady 
flow of those new discoveries,and ideas which are an 
essential ‘‘.raw, material’. ofa progressive industry. 





In this connection it is pointed out that the dis- 
covery of research leaders and of workers trained in 
the research outlook is vital. These persons should 
be of adequate calibre not only to tackle new pro- 
blems as they arise, but to assess the import of 
discoveries in existing methods and techniques. It 
is considered that a method of achieving this result 
almost immediately is for the universities to carry 
out well-directed programmes of research. These, 
in addition to training graduates and fitting them 
to carry out effective researches individually after 
leaving the university, may lead, in themselves, to 
valuable discoveries. Another favoured method is 
the training by industry of research workers chosen 
from the technical staffs. The report stresses the 
view that the promotion of research in the univer- 
sities and elsewhere will lead to an increased national 
output of ideas and, therefore, should be fostered. 
A number of recommendations are made as to how 
such matters as finance, long-term planning, the 
provision of buildings and the interchange of workers 
between the universities and industry can be dealt 
with. The report includes a study of the researches 
now being carried out, in connection with which it 
is emphasised that an adequate proportion of the 
national manpower should be directed to furtherance 
of research in the radio field ; the effective co-ordina- 
tion of research now being undertaken; and the 
means whereby the results of research can be 
speedily made available and quickly applied. i 
of the report may be obtained from the Institution of 
Electrical Engineers, Savoy-place, Victoria-embank- 
ment, London, W.C.2, at the price of ls. 
R.M.LS. “ QuEzN Mary.” 

On Thursday, July 31, the Queen Mary sailed 
from Southampton on her first voyage to the States 
since her conversion from a troop transport. Thus 
the Cunard Company’s long-planned two-ship 
express service across the Atlantic came into 
being for the first time, a service originally intended 
to commence in 1940, the year that the Queen 
Elizabeth was expected to join the Queen Mary. 
The work of converting and reconditioning the 
Queen Mary started during October of last year. 
The majority of the ship’s furnishings survived the 
war intact, as, when she first began trooping, these 
were deposited in various parts of the world and in 
places as far apart as New York and Sydney. 
The re-assembling and reconditioning of such large 
quantities of furniture was a considerable under- 
taking; as in the ease of the Queen Elizabeth, 
this work was carried out in an aircraft hangar at 
Eastleigh. In view of the large-scale structural 
alterations which had to be carried out on the 
vessel to bring her back to standard, the owners 
took the opportunity to incorporate certain features 
found desirable during pre-war service, and a new 
cinema with a seating capacity of 200 has been 
built into the starboard gallery, while two new 
en lounges have been provided, one on each 
side of the first-class smoking room. Apart from 
routine inspections and the lifting of the main 
turbine covers, little has been done to the main 
engines and auxiliaries. During the war she carried 
765,429 Service personnel and steamed a total of 
569,943 miles. 





THE INSTITUTION OF ELECTRICAL ENGINEERS.—The 
Council of the Institution of Electrical Engineers have 
made a number of awards of premiums for papers read 
or accepted for publication during the session 1946-47. 
These include the Institution Premium to Dr. H. G. 
Booker; the Kelvin Premium to Dr. H. A. H. Boot and 
Professor J. T. Randall; the John Hopkinson Premium 
to Mr. H..A. Thomas, B.Sc.; the Ayrton Premium to 
Messrs. J. R. Mortlock and C.M. Dobson; the Llewelyn 
B. Atkinson Premium to Messrs. J. Hacking and J. D. 
Peattie ; the Crompton Premium to Messrs. V. J. Francis 
end W. R. Stevens; the Swan Premium to Messrs. F. 
Widnall and R. Newbound; the Silvanus Thompson 
Premium. to Mr. W. Casson and Dr. F. H. Last; the 
Mather Premium to Dr. .F. M. Bruce; the Duddell 
Premium to Dr. D. C. Espley: and Messrs. E. O. Cherry 
and M. M. Levy; the Ambrose Fleming Premium to 
Mr. W. Ross; the. Sebastian de Ferranti Premium to 
Mr. G. T. Garwood; the John Snell Premium to Mr. 
T. R. P. Harrison ; the Fahie Premium to Mr. E. P. G. 
Wright ; the Paris Exhibition (1881) Premium to Mr. 
W. Fordham. Cooper; the Webber Premium to -Mr. 
W.E. O. Lampert and the Overseas Premium to Mr. T. 8. 
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THE IRON AND STEEL 
INSTITUTE MEETING IN 
SWITZERLAND. 


(Concluded from page 113.) 

CONTINUING our report of the special summer 
meeting of the Iron and Steel Institute, held in 
Switzerland from July 9 to 19, we have now to deal 
with the proceedings which followed the presentation 
of the paper on creep testing by Mr. W. Siegfried, 
on Friday morning, July 11, at the Eidgendssische 
Technische Hochschule, the Swiss Federal Poly- 
technic, Ziirich. 


Heat-ReEsIstine STEELS. 


The- next three papers to be presented were 
jointly discussed. They were “Steel for Use at 
Elevated Temperatures,” by Dr. C. Sykes, F.R.S. 
(this paper being the Second Hatfield Memorial 
Lecture); “‘ Requirements of Steel for the Produc- 
tion of Gas Turbines and Experience with Gas 
Turbines in Metallurgical and Associated Plants,” 
by Mr. H. R. Zschokke and Mr. K. H. Niehus ; and 
“The Scaling Behaviour of High-Strength Heat- 

isting Steels in Air and Combustion Gases,” by 
Mr. W. Stauffer and Mr. H. Kleiber. 

The second Hatfield Memorial Lecture, by Dr. 
Sykes, a brief outline of which will- be found on 
page 435 of our issue of May 23, 1947, dealt with 
the properties of large forgings in ferritic steels and 
with the work of the late Dr. W. H. Hatfield, F.R.S., 
-on R. ex 78 and other nickel-chromium-copper- 
molybdenum high creep-resisting steels. In review- 
ing the present position. Dr. Sykes stated that it 
appeared that for the temperature range up to 
550 deg. C., no technological difficulties were likely 
to prevent the production of quite large forgings 
capable of meeting the requirements of engineers, 
both as regards stress and duration of life, either in 
ferritic or austenitic steel. For the temperature 
range from 550 deg. to 650 deg. C., large forgings of 
‘suitable properties could be produced in the simpler 
austenitic steels. Beyond 650 deg. C., the position 
as regards large forgings, say greater than one ton in 
weight, was stillexperimental. This upper tempera- 
ture limit might be increased for short-term appli- 
cations or for very low stresses. 

When presenting the paper on “‘ Requirements of 
Steel for Gas Turbines,” Mr. Niehus said that for 
gas turbines used in peace time on land or sea a 
life of many years was required, whereas, for 
aircraft turbines, a life of a few hundred hours was 
sufficient. This difference was especially important 
in the evaluation of creep tests on steels used for 
turbine blades. The alterations of the structure 
after long exposure to high temperatures needed 
further exploration, and the value of various 
methods applied to raise the creep limit must be 
studied most carefully. Apart from the creep 
limit, the fatigue strength was of vital importance 
to the engineer, and the same applied with regard 
to the corrosion resistance of the blades and the 
combustion chamber. For working temperatures of 
about 600 deg. C., these problems had already been 
solved, gas turbines working at about this tempera- 
ture having been in operation for many years, but 
patient. and intensive research was required before 
@ turbine working at 700 deg. C., with the study of 
which they were at present concerned, became a 
necessity. 

The third of the three papers on heat-resisting 
steels, on “ The Scaling Behaviour of High-Strength 
Heat-Resisting Steels in Air and Combustion 
Gases,” by Mr. W. Stauffer and Mr. H. Kleiber, 
was presented by Mr. Stauffer. The authors stated 
that in the gas turbine, as in any heat engine, the 
effective work was brought about by the combustion 
of fuel. The hot structural components were thus 
exposed not only to the mechanical stresses due to 
pressure, loads, and rotation, but also to the 
chemical attack of the products of combustion. 
“The present paper contained the results of experi- 
ments in which high-strength heat-resisting steels 
had been exposed to air and to synthetic combustion 
gases at temperatures of 600 deg., 700 deg., 800 deg., 
“900 deg., and 1,000 deg. C., for periods of 120 hours, 
interrupted four- times by intermediate coolings. 
It' had been surprising to find that in some cases 





the high-sulphur combustion gas caused less uliog 
than that having a low sulphur content. As a 
general rule, however, it had been found that at the 
lower temperatures, up to 600 deg. C., and in some 
cases up to 700 deg. C., the sulphur content had no 
appreciable effect on the scaling loss (in grammes per 
square inch per hour). It was interesting, and 
unexpected, that, according to the tests, the 25/20 
type chromium-nickel steels were less sensitive to 
the effect of sulphur than 18/8 type steels, and 
further, that the martensitic and ferritic 17/1 
chromium-nickel and 27/4-5/1-5 chromium-nickel- 
molybdenum steels were not superior to the ordinary 
chromium-nickel steels. This was in contradiction 
to the opinion expressed frequently that the former 
were more resistant. It must be borne in mind, 
however, that it was not justifiable to apply the 
results directly to practical conditions, since scaling 
did not usually increase linearly but did so para- 
bolically, becoming slower with time. 

Mr. C. G. Conway, who opened the discussion, 
said that, at the present time, the engineer desired 
to make use of materials which could operate for 
long periods of time at temperatures above 600 deg. 
C. In order to do this it was ne to make 
as full a use as possible of the data provided by 
laboratory experiments. While, however, labora- 
tory experiments could give indications of future 
behaviour, there could be no short cut; only by 
the results of service trials over long periods, coupled 
with full details of running conditions on materials 
chosen as the basis of reasonable and well-planned 
laboratory experiments, could the answer be found. 
He wished to differ radically from the statement 
made by Zschokke and Niehus; there was not, in 
his opinion, any theoretical basis for extrapolation 
of creep behaviour into the future. When a designer 
was forced to make an extrapolation, the most con- 
servative values should be employed and the double 
logarithmic method of plotting, adopted in two 
papers presented that morning, could lead to 
grievous error and should be treated with great 
reserve. The successful application of laboratory 
data to service conditions depended on the deter- 
mination of blade and disc temperatures, and, in 
any one laboratory the mean temperature difference 
between any two given creep tests could be placed 
at about 2 deg. to 3 deg. C., on an average, owing to 
temperature fluctuations during the course of the 
test, and differences in the thermocouple calibration 
and in the gradient along the specimen. Such a differ- 
in the gradient along the specimen. Such a differ- 
ence could give about 30 per cent. error in the time 
to reach any given elongation. This could be seen 
readily by plotting the data on a temperature base. 
Other errors were of importance ; the non-confor- 
mity of cross-section of the test-piece, even from 
the best workshops, and the difficulty of maintain- 
ing true axial loading could lead to additional errors 
of about the same magnitude as those caused by 
temperature. It was thus necessary in considering 
the course of a plot of stress against time, to map 
out the probable scatter “band,” preferably on a 
linear stress against a logarithmic-time base. 

Mr. D. A. Oliver said that he was rather more 
optimistic than Dr. Sykes concerning the solution of 
some of the difficulties relative to the higher- 
alloyed steels for operation at the more elevated 
temperatures. In some recent work it had been 
found that the alloy segregation in some very com- 
plicated highly-alloyed steels was surprisingly 
small. In dealing with very large rotor forgings it 
was wise not to take them up to the highest solution 
temperatures, and, in cooling, which often meant 
air cooling, the centre of the forging cooled more 
slowly than the exterior and was virtually tempered 
after the solution treatment. The properties ob- 
served, in consequence of this, were that the maxi- 
mum stress and the proof stress were increased while 
the creep resistance decreased only slightly. At the 
periphery of the rotor, on the other hand, the full 
solution treatment was obtained and what amounted 
substantially to a quench was imposed. Thus the 
highest creep resistance was secured in the hottest 
zones of the rotor. 

Mr. J. T. Mackenzie said that experiment con- 
ducted at Pittsburgh had shown that the o phase 
(an intermetallic chromium-iron compound) could 
occur in the 18/8 type of austenitic steels. More- 








over, tests carried out at the Carnegie Institute of 
Technology had shown that it was not possible to 
be absolutely sure that there was any lower limi: 
for chromium in o formation. A word of caution 
regarding molybdenum was necessary because molyb- 
denum was a familiar alloying element in stee)- 
for use at high temperatures and, with high-molyb 

denum types, there seemed a definite tendency for 
the formation of the o phase even with compara. 
tively low chromium contents. Dr. T. P. Hoar, 
whospoke next, said that,in additionto molybdenum, 
it was also very likely that silicon led to the forma- 
tion of the o phase. In some work not yet published 
evidence had been obtained that in steel containing 
less than 17 per cent. of chromium, but with addi- 
tions of the order of 3 per cent. molybdenum and 2-5 
per cent. silicon, the formation of the o phase could 
take place very readily in the temperature range 
under discussion. It was very unfortunate that 
the o embrittlement occurred, because there seemed 
to be some evidence, albeit of a rather tentative 
nature, that so far as scaling was concerned the 
formation of o was no disadvantage, and might even 
give rise to a slight improvement. 

Mr. W. E. Bardgett remarked that in Dr. Sykes’s 
paper a statement was made that, as a matter of 
interest, accurate measurements of the variation in 
length of unstressed specimens exposed at a tem- 
perature of 650 deg. C., had also been carried out. 
These had shown that contractions of up to 0-1 per 
cent. could occur, depending on the prior treatment. 
They themselves, Mr. Bardgett added, had con- 
firmed that changes in dimensions of the same order 
were obtained in certain high-alloy steels, and it 
would be of interest if Dr. Sykes would say how far 
he had taken into consideration such dimensional 
changes in the unstressed condition when con- 
sidering material which was being tested under 
creep conditions. The work carried out by 
Zschokke and Niehus on the effect of cold work on 
creep was of interest, but the results given referred 
to relatively short periods of test. It was stated in 
the paper that there was no relationship whatever 
between the creep limit and the hardness at 
20 deg. C. He agreed and would state further that 
there was no relationship between the creep resis- 
tance and the increase in hardness during the period 
of the creep test or the maximum precipitation 
hardening of the material. 

Sir William Griffiths, who closed the discussion, 
paid tribute to the contribution made to the subject 
of alloys for use at high temperatures by the late 
Dr. W. H. Hatfield, F.R.S. Dr. Sykes, in his paper, 
had described what Dr. Hatfield had done himself, 
but he, personally, desired to emphasise the en- 
couragement which Dr. Hatfield had given to others 
who were working on the subject, and the stimulus 
which his work provided for further developments. 
Another point was that if advances were to be made 
in this subject, it would be necessary to take risks. 
The tendency of a technical body was, perhaps, 
to emphasise the difficulties of transferring the 
results obtained in the laboratory into practice. 
He would be the last to decry the importance of 
these tests, but, when one considered the time 
involved in a creep or long-time fatigue tests, at high 
temperatures, and the very many variables involved, 
if it was n to wait for absolute certainty 
the development of the gas turbine might have to 
wait a long time. It should also be pointed out 
that, while long-term tests were proceeding, 4 
great deal might have been learnt concerning the 
metallurgical side of the material under test, so 
that by the time the test was concluded the alloy 
might well be already out of date. This did not 
mean that metallurgists should not go ahead, but 
they should proceed with practical as well as with 
laboratory experiments, and make use of that great 
standby of the engineer, the factor of safety. 

Dr. Sykes and Mr. Stauffer intimated that they 
would reply to the discussion in writing. Mr. K. H. 
Niehus, on the other hand, replied briefly, and, in 
the course of his speech, agreed with Mr. Conway that 
care must be taken to prevent errors occurring in 
connection with the testing apparatus and also to 
see that the measurement of temperature was accu- 
rate. It should be borne in mind, however, that 
the temperature was not absolutely constant in a 
machine, so that if a steel were very sensitive to a 
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temperature range of a few degrees only, or even 
10 to 20 deg. C., it would not be of much use in an 
actual machine. He agreed that extrapolation 
from @ few thousand to 100,000 hours was very 
unsatisfactory, but he did not think that extra- 
polation on a double logarithmic scale was any less 
satisfactory than extrapolation on a linear stress/log. 
time scale. They had pointed out, in their paper, 
that for certain steels actual service experience, 
extending over long periods of time, was avail- 
able, and they had balanced this against short- 
time tests. 


Symposium oN PowpER METALLURGY. 

The last contribution considered at the meeting 
was the “Symposium on Powder Metallurgy,” 
constituting Special Report No. 38 of the Iron and 
Steel Institute. A succinct outline of the 28 papers 
contained in the report will be found on page 530 
of our issue of June 20, 1947. Mr. D. A. Oliver, 
chairman of the sub-committee responsible for the 
preparation of the report, gave a short résumé of its 
contents and of the discussion held on it in London 
on June 18 and 19. 

The President then said that although the stay 
of the members in Switzerland would continue for 
some days, the present was the last meeting to be 
held for the discussion of papers. He thanked the 
authors of all the papers for their contributions. 

In a brief farewell address, Dr. A. Rohn, President 
of the Federal Polytechnic Council, thanked the 
members of the Institute for holding their technical 
discussions in the hall of the Polytechnic and hoped 
that their deliberations had been fruitful and that 
their visits to industrial establishments would 
give them every satisfaction. In reply, Dr. Desch 
mentioned that there was a laboratory at the 
Jungfraujoch, at a height of 11,000 ft., in which the 
flow of crystals under pressure was studied. The 
laboratory was hollowed out inside a glacier, so 
that the temperature was always a degree or two 
below freezing point. It was magnificently equipped, 
and there ice was studied as if it were a metal, 
sections being cut, examined under the microscope, 
photographed and otherwise dealt with. A good 
many English research workers had spent some 
time there and the results were of the most striking 
kind. Although ice was a very different material 
from steel, there was considerable resemblance 
between the information obtained in the one case 
and in the other, and the proceedings of the labora- 
tory were of the very highest scientific interest. In 
conclusion, the President thanked, on behalf of the 
Institute, all those who had done much to make the 
meeting a success, including Dr. R. Durrer and the 
members of the reception committee, Dr. A. Rohn 
and the Council of the Federal Polytechnic, and 
Nationalrat Ernest Speiser, the President, and Mr. 
W. von Orelli, the secretary, of the Swiss Association 
of Machinery Manufacturers. 

The afternoon of Friday, July 11, was devoted to 
visits to works at Winterthur, comprising Messrs. 
Gebriider Sulzer, A.G., the Schweizerische Loko- 
motivfabrik, A.G., and Messrs. J. J. Rieter, A.G. 
On Saturday, July 12, visits were paid to Messrs. 
Escher Wyss, A.G., Ziirich, and to the physics and 
engineering laboratories of the Federal Polytechnic, 
while in the afternoon of Sunday, July 13, a party 
drove out to inspect the Etzelwerk hydro-electric 
power station. On Monday, July 14, an all-day 
excursion was made to Soleure and the works of 
Ludwig von Roll’schen Eisenwerke A.G., at Gerla- 
fingen, Klus and Choindez, and the works of the 
Zellulosefabrik Attisholz, A.G., at Attisholz, were 
inspected. On the following day, Tuesday, July 15, 
the members proceeded to Schaffhausen, where the 
works of Messrs. G. Fischer, A.G., Messrs. A. J. 
Amsler, A.G., and the Schweizerische Industrie 
Gesellschaft, A.G., were visited. On Wednesday, 
July 16, the members divided into two parties, 
one proceeding to Interlaken and Montreux, and the 
other to Geneva. On Thursday, July 17, the works 
of the Société Genevoise d’Instruments de Physique, 
the 8.A. Ateliers de Sécheron and the §8.A. Ateliers 
des Charmilles were visited. The whole of Friday, 
July 18, was devoted to an excursion to the S.A. 
des Aciéries Electriques d’Ugine in the Savoy, 
France. The meeting terminated with a farewell 
dinner, held at the Hétel des Bergues, Geneva, on 
the evening of Friday, July 18. 





THE INTERNATIONAL 
RAILWAY CONGRESS, 
LUCERNE. 
(Concluded from page 102.) 
WE conclude, this week, our account of the four- 
teenth session of the International Railway Congress 
Association, which was held at Lucerne from June 23 


to 28, 1947. The summary of the reports on reduc- 
ing the weight of rolling-stock is continued. 


Licut-WEIGHT CARRIAGES IN SERVICE. 

All reports indicate that the performance of 
light-weight carriages in service is equal to, and in 
some cases better than, that of previous designs. 
The three railways most concerned are the Swedish 
State Railways, the French National Railways, and 
the Swiss Federal Railways, who have introduced 
respectively 284, 242 and 179 light-weight carriages. 
They report that they will only build this type of 
coach in the future. Comfort for passengers has 
been maintained, and usually improved, and the 
ability to withstand accidental shock is good. The 
case of a French riveted-steel coach which had been 
involved in an end-on collision was quoted to 
demonstrate the low resistance that this type affords. 
Coaches fabricated with spot welds fail similarly. 
In both cases the lines of rivets or spot welds fail 
first, followed by collapse of the end wall due to its 
weak junction with the roof. Coaches of the tubular 
construction which has been described in this sum- 
mary, however, do not collapse so drastically in 
similar collisions. In this connection, the case of 
the two rear light-weight steel coaches of a train 
which was involved in an accident on the Swiss 
Federal Railways in 1943 was described. One was 
thrown sideways against a stationary locomotive 
and the other hit the same locomotive end-on. 
Both coaches were travelling at about 37 miles an 
hour (60 kilometres an hour). The side wall of the 
first coach was driven in by the high running-plate 
of the locomotive, but the damage was restricted 
almost entirely to the area of the blow, and the 
passengers were able to alight through the un- 
affected doors. In the coach which was hit end-on, 
the force of the blow was absorbed by the end 
of the coach for the ful] depth between the head- 
stock and the bogie pivot. The sheet metal was 
bent and twisted but not fractured, and the welded 
joints withstood the blow. The coach was not 
damaged beyond the second window of the end 
compartment, and all the doors, which were situated 
along the side and towards the middle, could be 
opened without difficulty. In neither case were the 
bogies much damaged, as they were used for taking 
the coaches to the workshops. 

In Mr. Guignard’s report an account was given 
of the Swiss Federal Railways’ method of subjecting 
a coach toa static test load. A light-weight coach 
for the Briinig line was loaded vertically with a 
weight of 12-8 tons distributed uniformly along the 
length, and horizontally with a compression load of 
59 tons applied at the position of the automatic 
coupling. The loads were applied gradually, at 
first separately, and then simultaneously. The 
strain at several points was measured. A test was 
also undertaken to determine the natural frequency 
of oscillation of the whole system. All these tests 
were satisfactory, although, of course, they give 
little indication of the behaviour of a coach in a 
collision. The question of tests was also referred 
to in the discussion, and one delegate mentioned 
some dynamic tests using extensometers, although 
the maximum speed in the tests was only 10 miles 
an hour. 

The reports give little indication of the savings 
which are effected in operating costs by using light- 
weight coaches, and for many reasons, some of 
which have been referred to, it is evidently difficult 
to produce realistic statistics for this p Mr. 
R. Guignard notes, in his report on other than 
English-speaking countries, that although light- 
weight coaches are comparatively high in con- 
struction costs, due to the materials used and the 
increased skill required of the builders, less weight 
of metalis needed ; but more especially the increased 
costs are justified by the reduced operating costs. 
He remarks that haulage costs are reduced by about 





one-third ofthe proportion of weight which is 
eliminated,.and light-weight coaches permit the use 
of less powerful, and consequently lighter engines. 
The latter advantage has a beneficial ett: on the 
permanent way. 


CoNCLUSIONS ON PassENGER RoLiine-Srock. 

As noted on page 66, ante, in connection with the 
reports on sleepers, the special rapporteur for each 
section of the Congress was required to prepare a 
series of conclusions which it was the business of 
the delegates to discuss, amend as required, and 
adopt. The conclusions relating to passenger 
rojling-stock were prepared by Mr. José de 
and they are given below in the form in which they 
were adopted by the delegates. 

1. “ There is a general tendency towards reducing. 
the weight of all-steel passenger stock without 
adversely affecting strength or comfort.” 

2. “‘ Whatever the quality of the steel used, it 
has been possible to reduce, by a large proportion, 
the weight of passenger stock by careful design 
of all parts and by the use of sections made from 
thin sheets welded together. Usually the under- 
frame-body structure is of the tubular-girder type 
which has a high moment of inertia and the ends of 
which are specially braced and reinforced to resist 
shock. Static and dynamic tests of the under- 
frame-body structure are considered desirable. 
The use of strain gauges for such tests is most 
suitable.” 

3. “Ordinary carbon steel is still most generally 
used for building passenger stock. However, the 
use for that purpose of weldable low-alloy steel 
with a high elastic-limit, as well as the use of rustless 
steel, is becoming more common.” 

4. “Light alloys can be widely used for detail 
sections and for interior fittings. They are also 
used in the building of structure assemblies on 
passenger stock of some light railways, but on 
main-line railways their use for that purpose does 
not seem likely to be developed.” 

5. “ The lightening of bogies can be obtained to 
some extent by using welded or riveted thin plates 
for underframe construction, and by replacing 
laminated springs by helical springs or the use of 
torsion bars controlled by shock absorbers. It is 
also interesting to mention the combined use of 
rubber and steel for main suspensions and the use 
of rubber-suspended wheels. Designs at present 
in use allow for increase in comfort, and it would 
be possible to reduce further the weight of the 
vehicle by replacing the heavy bogies in present-day 
use ” 


6. “ Light-weight rolling-stock has been in service 
too short a time, and in too small numbers, to give 
any definite results regarding its advantages both 
from the point of view of economy and savings in 
wear on the permanent way, but certain advantages 
are apparent.” 

It will be noted that the conclusions contain no 
precise indication of the reductions in weight that 
have been attained. This question arose in the 
discussion, but it was decided to omit any statistical 
reference because of the considerable variation, as 
between different continents and countries, of what 
might.be regarded as a standard or normal weight 
for a coach. It is interesting, however, to note Mr. 
Guignard’s remarks. In referring principally to 
European railways, he summarised the progress made 
in the past ten or fifteen years. About 1930 to 1935, 
the tare weight of main-line metal coaches was 
approximately 44 tons to 50 tons. As a result of the 
first attempts at reducing the weight—chiefly by 
superseding riveting by welding—the figure was 
brought down to about 39 tons or 40 tons ; and the 
more recent introduction of tubular-girder con- 
struction and light alloys, together with improve- 
ments in welding processes, have reduced the weight 
to about 28 tons to 32 tons, depending on the type 
of coach and the service for which it is intended. 
Most railways consider that this is about the mini- 
mum weight that can be achieved, consistent with 
comfort and safety for passengers. 


Goops Wagons. 

The reports on the lightening of rolling-stock also 
summarised the comparatively minor developments 
in connection with goods wagons. The advantages 
to be derived are not as great as with passenger - 
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carriages, and it is not so easy to justify the in- 
creased initial cost. The economic importance of 
Tetaining standard components militates against 
the introduction of special light-weight parts; and 
goods wagons are habitually subjected to rough 
handling, especially in marshalling yards. Never- 
theless, some reduction in weight has been achieved. 
This is apparent, not so much in smaller tare weights, 
but in greater capacities, by volume and weight, for 
each unit of tare weight. A typical example of this 
is provided by a comparison of certain wagons of 
the French National Railways. A wagon in light 
alloys with a tare weight of 6-5 metric tons has a 
capacity of 25 tons, whereas the previous com- 
parative design, with a tare weight of 9-8 tons, 
carried only 20 tons. It should also be noted 
that the ratio of tare weight to pay load is very 
much less than for carriages. For wagons the ratio 
is always less than unity, and may be as low as 
0-26, but for coaches it may be anything from 4 to 12. 
A reduction in tare weight is therefore not so bene- 
ficial with wagons as with carriages. 

The effective reduction in the weight of wagons 
has been about 10 to 15 per cent. Many experi- 
ments with light-weight materials have been carried 
out, but it is not yet possible to formulate precise 
economic conclusions. Underframes are usually 
constructed of standard rolled sections welded 
together, steel being the usual material, although 
trials with light alloys have been undertaken. 
Centre main girders are common practice in the 
United States. Bodies are of wood or welded steel, 
and steel ings, are sometimes used to reduce the 
weight, although the cost is generally slightly 
higher. Copper-bearing steels are sometimes used 
to prevent corrosion. Wagon sides have been made 
in aluminium or aluminium alloys in Belgium, 
Switzerland, and the United States. Wood for 
roofs is favoured because of its good heat-insulating 
properties, but a few instances of double steel-plate 
roofs with an air space are reported. The Swiss 
Federal Railways have used aluminium sheets for 
roofs, and for doors. In the latter case the weight 
has been halved, primarily with the object of render- 
ing the doors easy to handle. Most bogies are 
either cast-steel or fabricated and riveted. Hollow 
axles are only employed experimentally in the 
United States ; and axleboxes are generally of cast- 
steel. Fabricated welded axleboxes, giving a con- 
siderable reduction in weight are used in Ceylon and 
the United Kingdom. The railways in Belgium, 
France, and Switzerland are experimenting with 
light-alloy wheel hubs. Buffing- and draw-gear 
have not changed much, the only notable improve- 
ment being the light-alloy buffers of the Swiss 
Federal Railways, which each weigh 132 lb., com- 
pared with 286 Ib. for a conventional buffer. 


ConcLusions on Goops Wagons. 


The conclusions relating to goods wagons, in the 
form in which they were adopted by the delegates, 
are given below. 

1. “Railway companies are endeavouring to 
reduce the weight of their goods wagons as much as 
possible.” 

2. “The lightening is achieved, in general, by the 
use of welded construction of the underframe 
members and bodies, and also by the partial use of 
pressings which permits a reduction in thickness 
while maintaining sufficient rigidity.” 

3. “Ordinary steels are normally employed for 
goods wagons. Light alloys are sometimes used 
for certain details. Experiments are being carried 
out with light-alloys for the principal framing.” 

4. “The possible saving in weight for goods 
wagons is low in comparison with that for passenger 
stock. The reduction in weight should not be 
carried beyond the point at which it ceases to be a 
commercial proposition.” 

In the course of the discussion which preceded 
the adoption of these conclusions, two delegates 
remarked that no appreciable advantage had been 
observed in the use of copper-bearing steel plates to 
prevent corrosion. One delegate advocated the use 
of ordinary steel plates which have been sand- 
blasted and then sprayed with zinc. Other dele- 
gates referred to the necessity for providing welders 
for the repair of welded-construction wagons, 





THE CENTENARY OF THE SWISS 
RAILWAYS. 


Tue first railway to be constructed on Swiss soil, 
that from Ziirich to Baden, a distance of 14} miles, 
was opened on August 9, 1847.- In commemoration 
both of this event and of subsequent railway develop- 
ment in Switzerland Be cce celebrations a — 

i ace during the t and will reac 
their culmination on tis one’ baaied th anniversary 
of the opening. To-morrow, Saturday, August 9, a 
welcome to representatives of the Cantonal Govern- 
ments and the Town Council of Baden will be given 
at Baden by the railway authorities. The official 
party will then be conveyed to Ziirich in a repro- 
duction of the original train. This train consists of 
a Speiser-type locomotive, which has been converted 
into a replica of the first engine by the Swiss Loco- 
motive and Machine Works, Winterthur, and of 
carriages, which have been constructed from old draw- 
ings in the Ziirich workshops of the Swiss Federal 
Railways. The locomotive can exert about 170 h.p. 
and is capable of attaining a speed of rather over 
18 m.p.h. This train has been available for short 
demonstration journeys in various parts of Swi 
since the end of April, and will continue to be used for 
that Dp until the middle of October. On its 
arrival at Ziirich on the day of the official celebrations 
@ procession will take to the Congress House, 
while in the afternoon the train will return to Baden, 
where there will be another procession in which 1repre- 
sentatives from the Limmat Valley will participate, and 
where a Model Railway Exhibition will be opened. 
This Model Exhibition, like the train, has been on view 
in various parts of the country since the beginning of 
April, and will continue its tour until the end of Novem- 
ber. It includes four train sets illustrative of the types 
of rolling stock used about 1858, 1882, 1910 and 1946, 
as well as models of mountain railways, bridges, tun- 
nels, power stations, signalling equipment and safet 
devices. The celebrations at Baden on August 9 wi 
conclude with a meeting at which addresses will be 
delivered by representatives of the Cantonal govern- 
ments, the town council and industry, and with enter- 
tainments of a lighter kind. 

In addition to the train and model exhibition, an 
exhibition, entitled ‘“‘ Youth and Railways,” has also 
been staged in eleven towns since April and will be 
moved to others until December. This exhibition is 
the outcome of a competition in drawing and essay 
writing, which was organised last year by the Union 
for Swiss School Exhibitions. It includes the work 
of about 1,000 successful, out of 10,000, competitors 
on such subjects as the historical development of 
ae and their importance for public economy 
as as technical facts and their possibilities for the 
future. During the year, too, the Federal Railways 
have arranged a number of lectures at various centres, 
while visits to stations, engine sheds, i 
yards and signal boxes have also been organised. 

Dealing briefly with the history of the development 
of the railways in Switzerland it may be mentioned 
that after the inauguration of the Ziirich-Baden line 
no other railway was opened for more than seven 
years. In 1850, however, Robert Stephenson sub- 
mitted plans for the construction of 400 miles of 
lines. These comprised an east-to-west trunk route 
from Lindau to Geneva which followed the main river 
valleys. The scheme was eventually carried out with 
some modifications, the Cantons having been given 
pe in 1852 to t concessions for that purpose. 

consequence of this policy was that development 
tended to be local rather than national. Amalgama- 
tions, however, took as early as 1853 and con- 
tinued until about 1890, when five large “ area” 
companies were in existence. During this period a 
nationally-owned railway was built from Zo to 
Constance via Winterthur, but was absorbed by the 
North-Eastern private system after only a few years 
of troubled financial existence. In 1887, the Federal 
Council took the first steps towards the hase of 
all the Swiss railways by the State, and after lengthy 
negotiations, this was finally sanctioned in 1898. 
Some 760 route miles of line were taken over on 
January 1, 1902, and between then and May, 1903, 
770 further route miles were acquired. The Gotthard 
railway, with a route mileage of 170, was purchased 
in 1909, since when only 85 route miles have been 
added. A large mileage of secondary lines has, 
however, been left in private ownership, as has the 
important Berner-Alpenbahn and the 245-mile long 
metre-gauge Rhaetian Railway. At the present time, 
the total railway route mileage amounts to 3,625, of 
which 1,822 miles belong to the Federal Railways. 

The most notable feature of the Swiss Railways is 
the extent to which electric traction is used. is is 
shown by the fact that of the 1,822 route miles owned 
by the Federal Railways 1,700 miles are operated elec- 
trically, and that 97-6 per cent. of the 10,107 million 
ton-kilometres worked in 1945 were worked by electric 
traction. The: first line to be operated electrically was 





that. between Brigue and Iselle, which was opened in 
1906 and used the three-phase system. As a result 
of successful experiments on the Seebach-Wettingen 
line, the single-phase system was, however, ado as 
standard and the Spiez-Frutingen section of the 
Létechberg line was equipped on this system in 1910. 
The electrification of the Gotthard line, which had 
been decided upon in 1913, was delayed by the war, 
but was subsequently undertaken as part of a national 
scheme of conversion in which lines embodying stee 
gradients were dealt with first. The first stage of this 
scheme was completed in 1930. It is hoped that con- 
version will be finished next year. 

Another notable feature is that there are 15 purely 
rack railways in the country and 13 on which steep 
sections are operated in that way. Although a number 
of these are used for tourist purposes only, the majority 
carry general traffic. All but two employ electric 
traction. 





MOBILE RADIO SET FOR 
100 MEGACYCLES. 


A pEmoNsTRATION of mobile wireless equipment, 
which has been designed for use by the Police Forces, 
was given in London on Friday, July 25, by Marconi’s 
Wireless Telegraph Company, Limited. For this 
purpose a control station was installed at the offices of 
the English Electric Company, Limited, in Kingsway, 
communication being established between that station 
and equipment on a car which patrolled the streets as 
far west as Hyde Park. The transmitter, which was 
used in Kingsway, operates on a selected crystal- 
controlled frequency in the 75 to 100 megacycles per 
second band. The controlling crystal oscillates at a 
comparatively low frequency and, by the use of 
successive valve circuits, its eighteenth harmonic is 
finally chosen. This harmonic is then amplified to give 
an output of 50 watts for use as the radiated carrier, 
and is delivered to the feeder leading to the aerial. 
This carrier is modulated by the speech currents from 
the microphone circuit, the modulator amplifier being 
designed to all the audio frequencies between 
200 and 5,000 cycles per second, which are necessary 
to give good clear speech quality at + 1 decibel. Since 
the best position for very high-frequency equipment is 
as near the aerial as possible, both the transmitter and 
the receiving equipment are placed at the site of the 
common aerial and are remotely controlled. The 
change-over from ‘“‘ Send” to “ Receive” is effected 
by a relay, which is operated by a press switch on the 
microphone. It is claimed that full control is possible 
over ordinary telephone lines up to a distance of three 
miles, and that two or three widely-separated trans- 
mitters can be controlled from the one remote position. 
This enables so-called ‘ diversity ’’ transmission to be 
used to counteract fading and the black-out of signals, 
due to the presence of steel buildings and other obstruc- 
tions. 

The mobile unit used in the demonstration consists 
of a radio-telephone set. This works on the same spot 
frequency in the 75 to 100 megacycles per second band 
as the headquarters’ transmitter and is operated from 
the 12-volt battery of the car. The transmitter and 
receiver are both carried on a light metal rack, which is 
mounted on shock absorbers and installed in the luggage 
boot. The whole equipment is controlled from a small 
unit on the dashboard of the car, the ao 
and the hand microphone being placed conveniently 
for the use of the operator. a traffic-control loud- 
speaker can be fitted on the outside of the vehicle 
and this can be controlled by the operator from a switch 
on the dashboard unit. Like the headquarters’ trans- 
mitter, the mobile unit is crystal-controlled and has an 
output of 10 watts to the aerial feeder. The receiver, 
which is also of the same type as that at headquarters, 
is of the crystal-controlled double-superheterodyne 
pattern with an extremely low noise level. It is 
claimed, therefore, that the signals are of excellent 
quality and are intelligible through the worst inter- 
ference. A single roof-mounted flexible aerial is used 
for both transmission and reception. 

Theextreme range of both units was demonstrated by 
the successful reception in Kingsway of signals from the 
Marconi works at Chelmsford. 





FACTORIES IN GREATER LONDON.—The Board of Trade 
announces that in the two years from June 1, 1945, to 
May 31, 1947, approval has been given to 267 projects 
for new factories and extensions in the Greater London 
area. These projects, when completed and working 
fully, will require an additional 16,000 employees. 





IMPORTED Harpwoop.—The Board of Trade have 
issued the Control of Timber (No. 47) (Imported Hard- 
wood Prices) Order (S.R. and O. 1947, No. 1524, price 
ls. 1d.). The new basis prices are higher than those 
previously in force, but the former provision for the 
addition of 3d. per cubic foot to the basis price of imported 
hardwood is discontinued. 
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RECENT WATER LEGISLATION.* 


By Sm Roorr. Hernerrmeron, C.B., M.LCE., and 
A. TITHERLEY. 


Tue Water Act of 1945 is a very suitable subject for 
discussion by this Co a since it is just 100 years 
ago that the Waterworks Clauses Act of 1847, the first 
general legislation dealing solely with public water 
supplies, became law. It is interesting to compare 
the two Acts: the first, a code, very limited in scope, 
which the undertakers could incorporate, wholly or in 
part, with their local Acts, but with no provisions 
in regard to the planning of supplies, no specific means 
for obtaining powers for major works of supply, and 
with very few powers for other purposes; the second, 
a complete framework covering the planning and 
co-ordination of supplies and the procedure to enable 
water undertakers to obtain all or any of the powers 
they need for the immense number of things they must 
do to carry on and improve their undertakings, as 
8c entities, and, if need be, in conjunction with 
other undertakers. If a somewhat rugged individuality 
might be said to have been the key-note of the Act of 
1847, the motifs of the latter Act are undoubtedly 

planning, co-ordination and standardisation. 

The Act of 1945 is derived partly from the experience 
gained by water undertakers during the 20 years or so 
prior to the 1939 war; partly from the inescapable 
fact that the planning of supplies and resources has 
often been anco-ordinated, as was inevitable when there 
was no centra! authority responsible for co-ordination ; 
and partly from a new principle of the present century 
that Parliament should be a Court of Appeal, rather 
than a Court of First Instance considering matters of 
local interest. The provisions of the Act were based 
largely on the recommendations of the Milne Committee, 
although there are substantial departures from those 
recommendations. 

The Act is divided into five main parts and several 
schedules, of which the third is virtually an Act in 
itself. The first part of the Act is concerned with broad 
planning, by the Minister of Health, upon whom is 
placed the duty of controlling and directing a national 
policy; by the Central Advisory Water Committee, 
the successors of the Milne Committee, who are 
responsible for advising Ministers on broad policy ; by 
joint committees of water undertakers and local 
authorities ; and by the undertakers themselves, if their 
operations are not covered by the joint committees. 
The second deals with the local organisation of 
supplies by what might be broadly termed combinations 
of undertakers. All forms of combination are covered 
—the joint board to manage and control an under- 
taking covering, perhaps, several local government 
areas; the acquisition of a small undertaking or under- 
takings by a larger undertaking ; the alteration of limits 
of supply ; and the giving and taking of bulk supplies, 
where the undertakings and the limits of supply are 
satisfactory, but the supplies ought to be shared. Al 
these combinations can be effected either voluntarily 
or by compulsion if one or more of the undertakers 
object, and there is power for the Minister to act if an 
—" undertaking fails to provide an efficient 
supply, 

The most important provision in the third part is that 
enabling the Minister to control the abstraction of 
water from underground. The fourth part contains 
the machinery for enabling water undertakers to obtain 
powers for new works and for acquisition of land and 
water rights. There are also important new provisions 
governing the day-to-day operations of water under- 
takings, including obligations for the undertakers to 
supply for non-domestic purposes, to new developments, 
and in areas without piped supplies ; new definitions of 
the duties of local authorities in respect to areas and 
houses without supplies ; and general powers in regard 
to the recovery of water rates and the revision of rates 
and charges. This part of the Act also prescribes the 
procedure for ere’ the third schedule into operation. 
The fifth part of Act needs no special mention. 

The third schedule contains a complete and stan- 
dardised code of waterworks law which (subject to 
modification to meet local conditions) will eventually 
be the charter of all water undertakers and their 
consumers. The code does not operate until it is 
incorporated with local Acts; and incorporation is 
on the undertakers’ initiative until 1950, after which 
the Minister may take the initiative. Certain of 
the code, including the responsibility of the under- 
takers for the laying and maintenance of communica- 
tion pipes are already in operation in their areas, since 
they have already been incorporated with the Public 
Health Act. 

The Act originally provided that certain of the 
Minister’s Orders should be provisional if objectors 
renewed their objections after a local inquiry had been 





* Paper presented on July 25, 1947, under the auspices 
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Works, Roads and Transport Congress, London. 
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1| of all existing undertakings. 


held. Broadly speaking, they comprise Orders which 
the Minister has initiated, such as those for the com- 
pulsory acquisition of undertakings or the constitution 
of joint boards by compulsion, and Orders which may | own 
affect the interest of third parties, such as those 
authorising the acquisition of water rights. In one case, 
that is, the Orders defining the areas in which the 
abstraction and waste of underground water are to be 
controlled, the Orders were to be provisional whether 
or not they were opposed. This procedure has been 
much simplified by the Statutory Orders (Special 
Procedure) Act, 1945, which applies to those Orders 
mentioned under the Water Act. ‘The main differences 
are that the new procedure can be commenced at any 
time, instead of at a time prescribed by Standing 
Orders ; that the Order does not go before a Committee, 
unless a petition is presented i it; and that a 
Provisional Order has to go through all the stages of a 
Bill in both Houses whereas, under the new procedure, 
the Order goes through none of those stages except the 
one Committee, if there is a petition and what might 
be termed a Report stage. 

Before considering how the Act works and what is 
being achieved with the new powers, some attention 
must be paid to certain broad features which are having 
an important effect on the planning of resources and 
supplies. In the first place, there is the time lag due 
to the war years, during which very few undertakings 
were able to carry out new works of supply. In the 
result, some undertakers are being forced to consider 
achemes for their urgent immediate needs, and to 
relegate long-term planning to the future ; though it 
must be admitted that the need for immediate augmen- 
tation of supplies is sometimes having the opposite 
effect of strengthening the case for mutual assistance. 
The second factor is the new grants for rural supplies, 
the decision that piped supplies must be brought to all 
sizeable groups of houses, and the Government’s policy 
for agricultural expansion. There are few undertakings 
which are not affected by these matters ; and very few 
major schemes in rural areas which will not give full 
effect to the principles of the Act in respect to co-ordina- 
tion of resources and supplies. Next is the largely 
increased consumption of water, both for domestic and 
for trade purposes; it is not uncommon to hear of 
large undertakings with the average per capita domestic 
consumption increased by 20 per cent. or more. Another 
factor is the shortage of technicians, manpower and 
materials. 

Now to consider what must be achieved and what is 
being done. The most important provision of the Act 
is probably Section I, which lays down, for the first 
time, that there shall be a national water policy and a 
central authority for controlling and directing that 

policy. A national policy does not, it is suggested, 
a pS that there shall be a water grid, or that there 

grandiose new works in every area or region, 
or that there must necessarily be a complete reshuffle 
It means, in the view 
of the present authors, that the water undertakers 
and the Ministry must ensure that water is brought 
to every area capable of being supplied at reasonable 
cost ; that the resources of the undertakings shall be 
capable of meeting all foreseeable requirements for 
domestic and industrial purposes; that existing and 
new sources of supply shall be used.in common to the 
full extent by all areas capable of being economically 
supplied from them ; that undertakings shall be strong 
enough to afford efficient, plentiful and cheap supplies ; 
and that if existing undertakings, working alone, 
cannot attain these objectives, they shall be replaced by 
combinations of undertakings or by new undertakings. 

This policy is being implemented in several 
ways. The Ministry had, before the war, a great deal 
of information about water undertakings, their resources 
and supplies, collected from reports by officials, the 
work of the Advisory Committees, etc. This is being 
checked and brought up to date by factual engineering 
surveys which include information of supplies, works, 
consumption, resources, etc., and is being supplemented 

detailed surveys by engineering inspectors of the 
inistry, of the circumstances of large areas with 
common problems. So far, twelve of these surveys 
have been put into train; typical of them is that of 
the North East Development Area, covering the whole 
of Durham and the industrial areas of Northumberland 
and the North Riding. The inspector deals with the 
position as he finds it, and with prospective needs, and 
the way in which these might be satisfied from existing 
sources or by new developments; he suggests, too, 
how the undertakings might be re-organised to make 
the best use of resources. It is the intention that 
summaries of these surveys shall be sent to all the 
interested authorities for their joint consideration. 
A number of county surveys have also been made by 
consulting engineers on behalf of the county councils. 
In the Greater London Area, a special investigation is 
being made by a Departmental Committee. 

The broader question of national water resources has 

not been forgotten, and, although it has not yet been 





Committee, the survey, is being ‘continued; om a some- 
what restricted: basis, with information supplied by 
bodies which are gauging rivers and streams for their 
purposes. Plans for a considerable extension 
of the work are in an advanced stage, and regulations 
now in draft will provide for full information of abstrac- 
tions, rest levels and other details to be furnished by all 
persons abstracting substantial quantities of water from 
underground. Similar measures in regard to surface 
resources cannot be expected until the River Boards, 
visualised in the Third Report of the Milne Committee, 
are functii 
A third important feature of the broader aspects of 
long-term planning has been the action taken to define 
areas in which the abstraction and waste of under- 
ground water is to be subject to control. When this 
paper was prepared, Orders had been made for five 
areas, comprising the chalk-areas around Luton, in the 
North-West Home Counties, in the Lea Valley and in 
South Essex, and the magnesian limestone belt in 
Durham, and Orders were being considered for 13 other 
large areas. All the important underground water- 
bearing areas are, or shortly will be, subject to control, 
which will prevent over-pumping, competitive borings 
and waste of water. 

The Central Advisory Water Committee, which has 
the function of advising all rs concerned with 
the conservation and use of water resources, is now & 
statutory committee and its constitution is determined 
by Order. The Minister is chairman and the Parlia- 
mentary Secretary, vice-chairman. The Committee 
includes two members of the House of Lords, two mem- 
bers of the House of Commons, and 16 other members 
connected with organisations interested in water 
resources and supplies, and is assisted by assessors 
from Government departments, who attend the 
meetings. Four sub-committees are considering ques- 
tions of policy (such as the extent to which water 
softening should be adopted, and the use of water 
gathering grounds for recreation, farming and affores- 
tation); and matters directly concerning water under- 
takings, particularly those which draw supplies from 
rivers and streams, namely, the extent to which the 
law in regard to prevention of pollution and the Land 
Drainage Act should be amended. 

- The scope for planning is most evident in the case of 
the plans Tor the substantial expansion of supplies in 
rural areas, where piped supplies are virtually unknown. 
The Ministry has received details of more than 570 
schemes, estimated to cost over 20,000,000/. There is 
every opportunity to ensure that existing resources 
are used to the full, that new sources will cover the 
rieeds of all areas that can be economically served, 
and that schemes will meet agricultural requirements. 
There should be no ground for complaint that the final 
plans are not comprehensive; but the planning of 
water supplies does not imply that there shall be a grid 
with wy lengths of trunk mains from distant sources. 
Where the more populous areas are already re 
and villages without supplies are remote from large 
centres of population, the emphasis must sometimes 
be on local sources, supplying a few villages, with little 
scope for co-ordination with neighbouring schemes. 

In the day-to-day: co-ordination of the planning of 
new schemes for urban needs, much is being done to 
promote all necessary consultation with and between 
the water undertakers. The words “ promote” and 
“consultation” have been used pi ly, since it 
cannot be too strongly stressed that i it is the Minister’s 
function to co-ordinate the plans and not to prepare 
them. This consultation is effected in differing ways. 
There are the old Joint Advisory Water Committees, 
which still consider new schemes propounded by their 
constituents, and advise whether or not they fit in 
with the general plans for their regions. It has not 
yet been found necessary to confer statutory powers on 
the Committees for the carrying on of their work, but 
the surveys mentioned above are bound to bring to the 
forefront the need for the formation of new advisory 
Committees, to consider the inspectors’ recommenda- 
tions and decide upon the steps to be taken to meet new 
requirements that the surveys bring to light. In-one 
or two areas, a good deal of success has been achieved 
by the formation of working parties of representatives 
of the undertakers, to consider ways of implementing 
plans for co-ordinated schemes. Then, of course, much 
is still being achieved by round-table conferences 
between the Ministry and representatives of authorities 
with common interests. 

(To be continued). 





THE LaTe Mr. A. W. GILLESPIE.—We note with 
regret the sudden death of Mr. A. W. Gillespie, which 
occurred in Cape Town on July 26. Mr. Gillespie, who 
was 62, was appointed Commodore Chief Engineer of 
the Union-Castle Line only last June, following the 
retirement of Mr. W. E. Tidman. Mr. Gillespie joined 
the company in 1906 and became chief engineer of the 
Athlone Castle in 1941. In 1944, he was appointed to the 





found possible to revive the Inland Water Survey 





Capetown Castle, in which he remained until his death. 
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SAUNDERS-ROE JET-PROPELLED 
FLYING-BOAT FIGHTER. 

Tue first SR/Al jet-propelled flying- boat fighter has 
recently been completed by the makers, Messrs. 
Saunders-Roe, Limited, 45, Parliament-street, London, 
S.W.1, at their works at East Cowes, Isle of Wight ; 
and on Wednesday, July 30, 1947, we were able to see 
the aircraft in flight. The maximum speed and other 
details of performance are not available for publica- 
tion; at the time of our visit the aircraft was not 
flown at much more than about 400 miles an hour. 
Photographs of the machine are reproduced in Figs. 1 
to 4, on page 132. 

The advantages of the flying-boat form for a fighter 
aircraft are considerable, and these were appreciated, 
especially in connection with operations in South-East 
Asia and the Pacific, when, in 1945, the Ministry of 
Aircraft Production placed a contract with Messrs. 
Saunders-Roe for three fighter flying-boat fighters, the 
first of which forms the subject of this article. 
flying-boat fighter is superior to a land plane in that it 
does not require an elaborately prepared base. 
convenient sheltered stretch of water provides the base, 
which is easily camouflaged and not readily made 
unusable by the enemy. The base is established 
quickly, and in the case of a sea-borne landing, a base 
for fighter cover may be close to the scene of operations. 

It was formerly difficult to build a flying-boat fighter 
to utilise these advantages, because of the proximity 
of the propellers to the water with a piston-type engine, 
but the jet engine eliminates this =<. In the 
SR/Al, the two Metropolitan-Vickers F2/4 gas- 
turbine engines and the armament have been placed in 
the hull to permit the use of a high-speed profile for 
the wing. The single seat is situated. above and 
towards the forward end of the jet engines, which are 
placed side by side. The air intake for the engines is 
at the bow of the hull, the required “ram” effect 
being best achieved in this position; and the outlets 
are situated one on each side of the hull, aft and below 
the trailing edge of the wing, as shown in Fig. 2. 
Fortunately, it was found that the width of the hull, 
as determined by hydrodynamic considerations, was 
approximately equal to the width required for the 
two engines placed side by side. Tank testing indicated 
that the bow would be free from adverse effects of 
spray, and this has been borne out in the trials with 
the full-size flying boat. If sea spray does, by chance, 
enter through the air intake, no serious damage is 
done. The wing is of single-spar construction with 
chord-wise stiffening, and carries two floats which 
are retracted in flight. They hinge inwards and 
upwards, by hydraulic action, and simultaneously 
the floats proper revolve in the supporting arms, 
so that when fully retracted they present a smooth 
form. This can be seen in Fig. 4. The overall length 
of the flying boat is 50 ft. ,the overall height 17 ft., 
the beam of the hull 6 ft. 10 in., the span of the wing 
46 ft., and the wing area 415 sq. ft. The aspect ratio 
of the wing is 5 to 1. 

The Metropolitan-Vickers F2/4 jet engines, which 
have been given the name “ Beryl,” are here used for 
the first time in an operational plane designed for the 
engines. The engine consists of a ten-stage axial-flow 
compressor, an annular combustion chamber, and a 
single-stage turbine coupled to the compressor, all of 
which are axially, and permit a small frontal 
area. It is believed that the side-by-side arrangement 
of the engines will give good flight characteristics on one 
engine ; and that, at certain low thrusts, economy of 
fuel will be achieved by using only one engine. Each 
engine is 3 ft. 2 in. in diameter, 13 ft. 3 in. in length, 
and weighs 1,750 Ib. dry. An electric starter motor has 
been provided for the first aircraft, but a small Plessey 
two-stroke petrol-engine starter will also be given a 
trial. The maximum speed of the gas-turbine is 
7,700 r.p.m., and the idling speed is 2,600 r.p.m., which 
corresponds to a thrust of less than 250 lb. The 
designed static thrust rating of the Beryl engine is 
3,500 Ib. at take-off, 3,300 Ib. for the climb, and 3,000 Ib. 
for cruising; for these thrusts the fuel consumption 
in Ib. per hour per Ib. thrust, is 1-05 Ib., 1-05 lb., and 
1-00 Ib., respectively. The engine used in the first 
SR/Al flying boat, however, is rated at a slightly 
lower thrust. The Beryl engine recently passed a 
type test at 3,850 lb. thrust—which rating will be used 
for the engines in the other two flying boats on order. 
The armament of the SR/Al consists of four 20-mm. 
cannon situated in the bow, just above the air intake, 
as may be seen in Figs. 3 and 4. 

The aircraft was designed by Mr. Henry Knowler, 
A.M.LC.E., F.R.Ae.S., chief designer of Messrs. 
Saunders-Roe, Limited ; and the engines were designed 
by Dr. D. M. Smith, M.IMechE., A.F.R.Ae.S., 
chief engineer of the gas-turbine department of the 
Metropolitan-Vickers Electrical Company, Limited. 
The aircraft was flown by Mr. Geoffrey Tyson, chief 
test pilot of Messrs. Saunders-Roe, Limited. The 
take-off was noticeably short, and Mr. Tyson stated 
that the control of the aircraft was good. 





LABOUR NOTES. 


Mr. Bearp, the general secretary, states in the 
Monthly Trade Report of the United Patternmakers’ 
Association that the full executive has now received 
the report of the sub-committee which discussed the 
wages agreement with the employers at an informal 
conference on May 14. “ There are,” he adds, “‘ obvious 
difficulties on both sides of the industry, for, while it 
is true that some employers are not co-operating to 
the full in the implementation of Clause 2 of the agree- 
ment—which provides for the introduction of incentive 
schemes of an adequate nature—largely due to their 
inexperience and sometimes to their prejudice, particu- 
larly where small firms are concerned, it is true 
that our members have, in some instances, refused to 
co-operate in such schemes when they have been 
offered. This places your executive committee in a 
difficulty, particularly when they insist that as we have 
offered to relate extra wages to effort, adequate merit 


Ajor bonus rates should be provided where employers 


cannot find a measuring rod suitable to themselves.” 





“In reviewing the position as a whole,” Mr. Beard 
goes on to say, “ your E.C. have to admit that great 
improvement has taken place during the past two 
months in every district, even in those areas which a 
short time ago were regarded as black spots, and had 
no bonus background whatever. The position in the 
London area is quite good and has been for many 
years.” 





“ But,” he continues, “many of the small towns 
outside are now feeling for the first time the benefit of 
our organisation, and such an agreement as that to 
which I have referred, is invaluable in these cases. 
In the West Riding, difficulties have been experienced, 
due again, in some measure, to lack of organisation in 
the past, and these are being solved, largely through the 
activities of our officials and the determination of our 
members to see the agreement implemented. In the 
North of Scotland, notably Aberdeen and Dundee. we 
have not made much progress, due to the background 
of both sides of the industry, but as these lines are 
being written, there appears to be some movement in 
the extreme North of Scotland. The Clyde position is 
rather better.” 





“The report the employers gave us indicated,” he 
says, “a brighter picture than we ourselves possessed, 
due to their later figures, and they expressed the view 
that in two or three months’ time we should have 
nothing to complain about. As I have indicated, the 
National Employers have their difficulties the same as 
we have, but I have a feeling, which is shared by those 
who met them, that they are prepared to assist in every 
possible way. If, therefore, members have complaints 
about non-implementation of the agreement let the 
Branch and District Committee have the information, 
and if the questions cannot be resolved locally by the 
area organiser we will have a try at national level.” 





In the preliminary agenda for next month’s Trades 
Union Congress at Southport there is a resolution by 
the National Union of Foundry Workers urging that 
joint production committees should be compulsory in 
all industries. Support for the proposal is also em- 
bodied in resolutions by the amated eering 
Union, the National Union of Vehicle Builders, and 
the Association of Engineering and Shipbuilding 
Draughtsmen. A resolution submitted by the Asso- 
ciation of Scientific Workers deplores secrecy in indus- 
trial scientific research, and wants the Government “‘ to 
bring about the freest publication of such research.” 





A resolution proposing that membership of the 
General Council of the Trades Union Congress should 
be a full time job is submitted by the Amalgamated 
Engineering Union. i 
will be recalled, at the Margate conference of the 
Labour Party; but in this instance, it is suggested 
that there should be an inquiry into the matter and that 
a report should be presented to next year’s Congress. 
Resolutions submitted by other affiliated unions ask 
for greater educational facilities to enable employees to 
play their full part in nationalised industry, the bring- 
ing up to date of the Factory Acts, and more research 
into the problems of industrial diseases. 


In their report which was published last week, the 
delegates of the Amalgamated Engineering Union who 
visited Russia during the winter, state that they found 
“much to admire and much to criticise.”” Russia, in 
their opinion, still has much to learn in some industrial 
matters, but the visitors were impressed by the inten- 
sive training given to young people, boys and girls. 
That type of training cannot fail, they believe, to 
produce results, and, unless something similar to it 


A similar proposal was made, it | f 





is soon adopted in this country our industrial prestige 
will, they fear, suffer a serious loss. Already the skilt 
of the Russian engineer is to be compared with that of 
the British engineer, and the fact that it is constitutes 
“a warning which must be taken notice of by British 
employers and employees alike.” 





The delegates put on record that they were given 
every facility to see all that they wished tosee. “ But,” 
they add, “there was . . . a feeling sometimes that 
we did not have real freedom of movement and action. 
For example, photography was discouraged, and our- 
letters home were censored. We look forward to the 
time when such restrictions will be unnecessary.” 





The decision of the Amalgamated Engineering Union 
not to accept Poles as fellow-workers in the engineering 
industry has added appreciably to the worries of the 
Minister of: Labour and National Service. It was 
officially stated, on behalf of the union, that the reasons 
for the action was a feeling held strongly by members 
that large numbers of Poles were still , who ought 
to go back to their own country. Other unions in the 
Confederation of Shipbuilding and Engineering Unions, 
besides the A.E.U., are also opposed to the employ- 
ment of Poles, so that this may eventually become a 
Confederation issue. 


On Wednesday last week, Mr. Attlee saw repre- 
sentatives of the National Union of Mineworkers at 
10, Downing-street and suggested to them that miners. 
should work half an hour longer every day, or, if they 
preferred it, work on Saturday mornings. He asked 
them to agree that the extra work desired was “a 
vitally necessary measure for the country’s economic 
safety.” The representatives of the National Union 
of Mineworkers who were present agreed to consider 
the Prime Minister’s request at a meeting of the 
executive on August 7, and to call a delegate meeting 
ot the union as soon as possible thereafter. 








With Mr. Attlee at the meeting with the representa- 
tives of the mineworkers were Mr. Herbert Morrison, 
Mr. Bevin, Mr. Dalton, Mr. Isaacs, and Mr. Shinwell ; 
there were also present Lord Hyndley, Sir Joseph 
Hallisworth, and other members of the National Coal 
Board. Mr. Lawther. the President, and Mr. Arthur 
Horner, the general secretary, were accompanied by 
several members of the executive of the Mineworkers’ 
Union. The principle of the five-day week is not 
affected by Mr. Attlee’s request. The Government has 
already, in fact, made it clear that the five-day week is 
@ permanent institution in the coalfields. The National. 
Coal Board is to consider whether; the extra work 
proposed shall be paid for at overtime rates. 





Speaking in London on Thursday last week, Mr. 
Lawther said: ‘“‘ There is no doubt we are in for a 
terrible time. Upon coal alone does Britain depend 
for her future ; within a month we have got to face 
up to this. We met members of the Cabinet yesterday, 
and I can assure you we are in a position where it 
depends on ourselves for our recovery. I trust that 
whatever the nation has to face in the next few weeks, 
there is one thing history will have to record—that the 


miners did not let Britain down. The only way to: 


redemption is by work, and the only way for salvation 
is along the lines that, in a few days, will be communi- 
cated by those who have been entrusted with the 
government of this country.” 





The executives of the National Federation of Building 
Trades Operatives have recommended the affiliated 
unions to accept the scheme for incentive payments 
put forward by the Minister of Labour and National: 
Service at the joint meeting of employers and opera- 
tives on July 17. The original claim of the unions was 
or wage increases of 6d. an hour for craftsmen and 
9d. an hour for labourers. The compromise proposed 
by Mr. Isaacs is a flat rate wage increase of 3d. an 
hour, with an incentive bonus ranging up to 20 per 
cent. of basic wages. The National Federation of 
Building Trade Employers decided to defer its decision 
on the compromise until it had had an informal con- 
ference with the representatives of the operatives. 





Under awards made by Sir John Forster, independent 
chairman of the National Conciliation Board for 
co-operative employees, men and women over 21 are 
to receive an extra 48, a week, those between 18 and 21, 
3s. a week, and those under 18, 28. a week. The 
changes are to be made in the week beginning August 11, 
and they will affect, it is estimated, more than 250,000 
employees in retail co-operative establishments. The 
claim of the unions was for an increase of lls. 6d. a- 
week for persons over 18, and one of 8s. a week for 
those under 18. 
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GRAPHITE FORMATION IN GREY 
CAST IRON.* 
By H. Morrocn and W. J. Wittiams, B.Sc. 

ALL grey cast irons contain graphite and the charac- 
teristic properties of these alloys are largely dependent 

upon the amount and mode of occurrence of this phase. 
In grey cast irons the formation of graphite is asso- 
ciated ly with the solidification process. 
mallea ast irons graphite forms during and as the 
result of ~ annealing treatment. This paper is con- 
cerned with the formation of graphite in grey cast irons, 
and not with the process as it occurs di the anneal- 
ing of a white iron to give a malleable iron. These 
two phenomena are not entirely disconnected, however, 
as will be seen later. 

The full metallurgical potentialities of cast irons and 
pig irons will not be realised until a of 
graphite formation is completely unders and con- 
trolled. Much progress has already been made in this 
direction, but there is still opportunity for considerable 
further investigation for many years to come. Cast 
irons are perhaps the most complex of alloys. They 
normally contain the elements carbon, silicon, man- 
ganese, sulphur and phosphorus, and others such as 
nickel, chromium, copper, titanium, and vanadium are 
also liable to be present. In addition, the elements 
oxygen, nitrogen and hydrogen are usually found in 
cast iron. These elements need not be in 
greater detail in order to — the complexity of 
the alloys and the difficulty of obtaining fundamental 
information about the changes occurring during solidi- 
fication. Cast irons are also probably unique in their 
response to variations in rate of cooling during solidifi- 
cation. Studies of cast irons under equilibrium condi- 
tions are of little avail in understanding the commercial 
material. 

In view of this complexity it is not surprising that 
many theories have been adduced to explain the various 

henomena and anomalies which have been observed. 
The range of problems relating to graphite formation 
is so wide that it has rarely been possible for > | 
one investigator or group of Foe-teneyme to deal wit 
them all in one research. has led, not unnaturally, 
to a tendency for pie nt to be developed which 
cover only a few of the details requiring explanation. 
In many cases, a consideration of some of the omitted 
points would have demonstrated the very limited 

plicability of the suggested theories. It is the opinion 
of the present authors that a stage has been reached 
in the study of graphite formation when it becomes an 
impelling necessity to consider all the known facts and 
observations together, with the end in view of develop- 
ing a general theory to cover the whole field. An 
attempt has been made, in what follows, to set out 
as many as possible of the anomalies of graphite forma- 
tion which requires correlation, to discuss them and 
develop their interrelations in an endeavour to provide 
a basis upon which a general theory of graphite forma- 
tion may subsequently be erected. In addition, the 
results of some of the authors’ experiments are pre- 
sented and related to the already existing information. 

Cast irons are essentially iron-carbon-silicon alloys, 
also containing varying amounts of manganese, sulphur 
and phosphorus as an invariable rule. When consider- 
ing cast iron, reference is frequently made to the 
binary iron-carbon system. The limitations of this 
method of treatment are obvious, and it is far better 
to use the ternary iron-carbon-silicon system for the 


basis of discussion. However, cast irons differ in many | 


significant ways from the alloys depicted this 
ternary system. Equilibrium diagrams for the binary 
iron/iron-carbide system and the binary iron-silicon 
system are known with a fair of certainty. The 
ternary iron-carbon-silicon system is much less clear! 

understood even under conditions approaching equili- 
brium. A further complication exists in the fact that 
the terna: alloys, at least, exhibit a metastability 
anomaly which is of tremendous commercial significance. 
It is probably not completely correct to consider iron 
carbide as a metastable compound, and it is preferably 
regarded as an unstable compound which, under 
certain conditions, has considerable resistence. 
Viewed in this light, iron carbide would not be expected 
to occur in any iron-carbon-silicon alloys if they could 
be cooled sufficiently slowly to permit equilibrium to 
be established. 

If the idea of a metastable and a stable system is 
accepted as a working theory, it should be noted that 
the pi is further complicated the fact that 
during cooling, transformations at different stages in 
the cooling may occur, in any one alloy, according 
to either the stable or the metastable systems. For 
instance, with this concept applied to a pearlitic grey 
cast iron, solidification may proceed acco to the 
stable system with the deamon of flake graphite and 





* Communication from the British Cast Iron Research 
Association, presented at the 44th annual meeting of 
the Institute of British Foundrymen, held at Nottingham 
from June 17 to 20,1947. Abridged. 


rage eer but this austenite subsequently transforms 





to pearlite according to the metastable Asa 
general rule, rapid cooling tends to give the phases 
by the metastable system and slow cooling 

to give the by the stable system. 
Elements such as sulphur, tellurium, boron, chromium, 
molybdenum, manganese, etc., encourage solidification 
and geome nts transformations to occur according to 


In | the metastable system, and are therefore described as 


carbide stabilisers. Others ey facilitate transforma- 
tions to occur according to the stable system; for 
instance, silicon, nickel and copper. These elements 
are therefore known as graphitisers. 

No satisfactory explanation has yet been forthcoming 
which will ex the influence oft these elements upon 
carbide stability. Many anomalous cases may be 
recorded in this i an for instance, titanium and 
zirconium themselves form very stable carbides, but 
they have little influence on the stability of iron carbide 
in cast irons ; aluminium behaves as a graphitiser when 
present in small amounts (less than 2 per cent. ), but as 
a carbide stabiliser when present in amounts 
(6 to 9 per cent.) ; other elements such as cobalt and 
phos do not appear to have any 
influence in either direction. The proximity of micro- 
structural graphite to cementite also tends to cause 
it to heteavete le, the effect becoming more pronounced 
the finer the graphite particles. In pence? to these 
influences, the gaseous elements, oxygen, hydrogen 
and nitrogen, may also influence the stability of 
iron carbide. 

In addition to the dual complexity briefly referred 
to above, a further complication exists in that iron- 
carbon-silicon alloys and cast irons, even when they 
contain graphitic carbon, may have this graphite dis- 
tributed in one of two ways, or in a wide range of 
combinations of these two ways. one case the 
graphite may occur in a lamellar form, conventionally 
described as flake graphite; in the other case, the 
caged occurs in a very much more finely divided 

‘orm, variously referred to as supercooled, reooled, 

reticular, eutectic-like, dendritic, etc. These two 
structures have been frequently illustrated in the litera- 
ture, and they will be discussed in some detaiJ in what 
follows. The mechanical properties of grey cast irons 
vary considerably, according to the form of the 
graphite, and it is ‘Gutine a of considerable industrial 
importance to determine the factors governing which 
type of graphite will occur. 

n much of the literature dealing with graphite 
formation, it is presumed that graphite can exist only 
in these two forms in “ as-cast,” that is, not heat- 
treated, cast irons. It is one of the objects of this 

paper to present the a evidence for the exist- 
ence of other forms of graphite, including the nodular 
type, which hitherto Sy n obtained only by the 
heat-treatment of a white iron. 

In the course of the authors’ experimental work, a 
detailed study has been made of graphite formation in 
nickel-carbon and cobalt-carbon alloys. The relevance 
of this investigation to the problem of graphite forma- 
tion in cast iron may not be immediately apparent. 
It is possible, however, to obtain useful information 
about a given series of alloys within a given system 
by the study of analagous systems of other allo 
This method has been applied here with useful tr 
and the ideas upon which this line of investigation was 

are dealt with thoroughly in the appropriate 
section of this 

Before soning the mechanism of graphite forma- 
tion, it is well to consider the nature of the graphite 
phase itself, what is known of its properties, and the 

ag > of the — flakes occurring in cast 

e graphite and nodular graphite are known 

$e" ~ almost identical with both natural and synthetic 

oo. It is, in many ways, a unique phase in 

errous alloys, and it owes its special characteristics to 

its erp structure. When considering the growth of 

ites in cast iron, it is well to 

meal structure in mind. Graphite is an allo- 

oxi orm of carbon in which the atoms are arranged 

in a series of parallel sheets, in each of which they lie 

at the corners of a set of plane regular ae. The 

sheets are superim so that only one- of the 

atoms in any one sheet lie vertically above the atoms 

in the sheet below. The atoms in alternate sheets lie 

vertically above each other. This atomic | arel is 
conveniently referred to as the “ layered 

structure.” 

Graphite flakes in cast iron are essentially basal 
sections of graphite. In the case of kish (or hyper- 
eutectic) 
sections, but other mn of flake graphite are basal 
sections which are generally distorted in all directions, 


and they ma: in complex shapes and 
groupings. ‘Graphite Bakes usually appear on the 


surface of micros as long thin lamelle, and it 
can be shown by examination under polarised light that 
these lamellz are oriented so that their 





planes 
are approximately parallel to the visual length of the 
flakes. 


graphite. the flakes may be almost perfect | gra 


Owing to its crystal structure, graphite is anisotropic, 
that is, its properties vary according to the orientation 
of the crystal being tested. The anisotropy of graphite 
is also revealed by its optical properties. In sections 
parallel to the basal planes, graphite has a metallic 
appearance with a high reflectivity. When irons of 
coeliee flake graphite structure are fractured, a bright 

stalline fracture is obtained because failure has 
pe cae for the most part, along the graphite flakes, 
and these in turn have failed along their basal planes, 
leaving these highly reflective planes exposed on the 
fractured surface.  aliprt wth eace Arig g hite 
crystal other than the surfaces the basal 
planes have a typical non-metallic moe with 
poor reflectivity and marked optical anisotropy. These 
surfaces are those normally visible when graphite flakes — 
are observed in a polished micro-specimen. 
ite flakes in cast iron can be polished and the 


Gra; 
optical anisotropy can be studied by means of the 
polarising microscope. The first manifestation of this 


optical anisotropy occurs when polished graphite flakes 
are examined microscopically, using plane-polarised 
eas ioe condition normally exists in all metallur- 


a croscopes without any extra equipment. It is 
und that the the “colour ” of a given graphite flake will 
vary, to its orientation in the micro-specimen, 


according 
from light brown to black, and when the stage of the 
microscope is rotated through 360 deg., it will change 
from t brown to black twice, and from black to 
light al twice. 

This phenomenon is known as reflex pleochroism, 
and it provides a means by which the internal struc- 
tures of graphite flakes may themselves be studied. It 
is found that the appearance of a graphite flake depends 
upon its orientation with respect to the plane of 

polarisation of the incident plane-polarised light such 
that when the e of polarisation is at right-angles 
to the length o hite flake, maximum absorption 
of light will occur hf the flake will ae black, and 
when oF gen of polarisation is parallel to the length 
of the e, minimum absorption of light will occur 
and the flake will appe light brown. This pheno- 
menon is illustrated in ra lena on page 142. Fig. 1 
shows the graphite flake in the position of minimum 
absorption, and Fig. 2, after rotating the stage through 
90 deg., shows the graphite flake in the position of 
maximum absorption. The plane of polarisation of 
the incident light is “north-south.” The specimens 
have been etched in picric acid. Due to the reflex 
pleochroism of graphite it has been possible to show 
that many graphite flakes have complex needle-like 
structures internally, and, in fact, many graphite flakes 
are not single crystals, but aggregates of interlacing 

crystallites. A typical example of these complex 
nouns is illustrated in Fig. 3, which shows the 
internal structure of a flake of kish graphite. The 
plane of polarisation of the incident light is “ north- 
south.” The specimen is unetched. These structures 
are revealed with this clarity by virtue of the fact that 
the small crystals of eraphite, being variously oriented 
among themselves, have various orientations 
with respect to the plane of polarisation of the incident 
light, and hence will show. various degrees of light 
absorption. The significance of these complex struc- 
tures is not yet understood. 

It is convenient here to refer to a form of graphite 
which will be instanced in many occasions in the 
remainder of this paper, namely, the spherulitic nodular 

Normally, this type of graphite is obtained by 
ae tees: pommel of a white iron containing free iron 
sulphide, and in this context it is outside the field 
covered by this paper. However, in this paper the 
preliminary work will be described which led to the 
demonstration of the feasibility of the production of 
nodular graphite of this type in cast irons in the as-cast 
state without any heat-treatment. A typical spheru- 
litic nodule, under plane- -polarised light and enki, 
is illustrated in Fig. 4, page 143. Spherulites are 
characterised by the occurrence of a large number of 
radially oriented crystallites growing from a common 
centre or nucleus. The spherulitic structure of such 
graphite nodules is made clearly visible fa ei by reason 
of the reflex pleochroism of graphite. the use of the 
seletiolg microscope it can be nell that the general 
orientation of the graphite crystallites in the graphite 
spherulites is such that their basal planes are usually 
at right-angles to the radii of the spherulite. Spherulitic 
structures are well known to the mineralogist, but to 
the knowledge of the present authors graphite spheru- 
lites are unique in metals and alloys. 

Before ing to discuss the anomalies of 
phite formation it is useful to make a statement 
of some of the more generally accepted facts relating to 
graphite formation in cast irons. e authors are well 
aware that to the extremely critical mind there is 
little fundamental information about this process 
which can be said to be generally accepted. However, 
a number of points can be made and accepted as a 
working basis for the consideration of the problems of 
graphite formation, provided they are not accepted as 





axioms. 
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Fre. 1. 


In describing the solidification of cast irons it is 
usual to refer to the iron-carbon equilibrium di 
and though this may serve a useful practical function 
it does not suit our ee purpose. A better approxi- 
mation to the truth is obtained if reference is made 
to the ternary iron-carbon-silicon system, Sufficient 
information is available upon this system for it to serve 
as a rudimentary basis for discussion. 

In the ternary iron-carbon-silicon system, the repre- 
sentation of which must be three-dimensional, the 
eutectic depression on the binary liquidus curve 
becomes a trough curving gradually towards the iron- 
silicon side of the solid diagram. The bottom of this 
trough indicates the formation of a binary complex 
of austenite and graphite, the carbon content of which 
decreases with increasing silicon. This binary complex 
apparently possesses many characteristics of a true 
binary eutectic and is usually referred to as a eutectic. 
It should be noted, however, that, following the phase 
rule, this binary complex may solidify over a range of 
temperature with varying composition. 

To avoid confusion, this binary complex will be 
referred to, hereafter in this paper, as the eutectic, but 
the limitations of this nomenclature should be borne in 
mind. The fact that eutectic crystallisation proceeds 
ona spheroidal crystallisation front tends to influence the 
pattern of the resulting eutectic graphite flakes which 
may be disposed radially within each eutectic cell, 
giving rise to the well-known cluster or- whorl forma- 
tions. All the eutectic cells are allotriomorphic, taking 
their final shape as the result of contact with neigh- 
bouring cells and the availability of space between the 
primary dendrites. The perfection of the eutectic cells 
depends to a large extent upon the free space between 
the primary dendrites. In all hypo-eutectic grey cast 
irons, the graphite forms after, and hence between the 
primary dendrites, and in this sense all the graphite 
in such irons is interdendritic. In low-carbon cast irons 
the space between the primary dendrites is relatively 
small and hence the eutectic cells are imperfectly 
formed and the disposition of the graphite flakes is 
dictated more by the pattern of the dendrites than the 
eutectic cells and the graphite flakes clearly outline 
the austenite dendrites. 

So far reference has been made solely to the flake 
graphite structure, the appearance of which is ve 
familiar to all metallurgists dealing with cast iron. It 
has been shown that a rudimentary explanation can be 
given of the mechanism of the solidification of irons 
having these structures. However, equally well known 
is the fact that the graphite in cast iron may occur in 
a different pattern which has a distinctly eutectic-like 
appearance and which has been variously described as 
supercooled, undercooled, recticular, eutectic, etc. 
The present authors prefer the term “ undercooled ” 
to indicate this form of graphite, Both flake graphite 
structures and undercooled graphite structures have 
been very thoroughly illustrated in the literature and 
further illustration here is superfluous. The factors 
a the formation of undercooled graphite struc- 
tures are fairly well known, but the fundamental reasons 
for its occurrence are not understood. 

Rapid cooling is known to promote the formation of 
undercooled graphite and so it tends to occur most 
readily in thin sections, at cast surfaces, near chills 
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and in castings made in permanent moulds of high 
thermal conductivity. Rapid cooling is not, however, 
a necessary condition for its formation and it may occur 
even in very slowly cooled castings. Furthermore, it 
may occur intimately mixed with flake graphite struc- 
tures. Usually when the two forms occur together, 
the undercooled graphite is at the centres of the 
eutectic cells with the coarser flake graphite at the 
peripheries of the cells. In these cases it would seem 
all the undercooled graphite derives from the first 
eutectic to solidify. Occasionally, patches of under- 
cooled graphite are found in the centre of a section, 
that is, in the most slowly cooled zone, when the 
remainder of the section has coarse flake graphite. 
While flake graphite structures and undercooled gra- 
phite structures occur with a wide range of size for the 
individual graphite icles or flakes, there appears 
to be a fundamental difference in the two patterns, 
even when in each case the graphite particles approach 
the same order of size. 4 general, however, the 
graphite size in undercooled structures is much finer 
than that in flake structures for equal rates of cooling. 

Undercooled graphite structures have been produced 
and recorded by many investigators, and individual 
reference to all cannot be made here. It was observed 
and confirmed by many that superheating of the melt 
favoured the formation of undercooled graphite, par- 
ticularly when the superheating was carried out in a 
crucible or electric furnace. Norbury showed irons 
giving undercooled graphite structures to have a 
greater tendency to chill than irons giving flake 
—— structures, and also that the eutectic arrest 

or fine graphite irons took place at a lower tempera- 
ture than that for flake graphite irons of similar 
composition. 

Norbury and Morgan showed that an iron normally 
solidifying in a given section to give coarse flake 
graphite could be made, by the addition of titanium 
in a suitable form to the melt, to yield undercooled 
—. They also found that this effect of titanium 
could be enhanced considerably by bubbling carbon 
dioxide through the melt before casting. Subsequent 
experience of these investigators at the laboratories of 
the British Cast Iron Research Association showed that 
the apparently inherent tendency of some pig-irons to 
give undercooled graphite structures on remelting could 
be explained by the presence of titanium in these pig- 
irons. The same investigators also found that, by 
bubbling hydrogen through the melt before casting, 
coarse flake-graphite structures could be produced 
when otherwise undercooled graphite structures would 
have been obtained. 

In irons of normal nitrogen content and containing 
sufficient manganese to balance the sulphur content, 
any excess of titanium over that required to neutralise 
the nitrogen as titanium cyanonitride occurs as titanium 
carbide. The mt investigators find that unless 
some of the titanium is in the form of titanium carbide, 
no refining action is obtained. The present investi- 
gators have also found that zirconium has an influence 
similar to that of titanium provided some of the 
zirconium is in the microstructure in the form of 
zirconium carbide, The similar influences of titanium 
and zirconium are not surprising in view of their 
chemical similarity. 
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Von Keil and his co-workers suggested, in 1934, that a 
sub-microscopic silicate-slime nucleates the melt to give 
coarse flake graphite, and that the absence of these fine 
— permits the formation of undercooled graphite. 

orbury and Morgan postulated a similar theory to 
explain the effects of titanium and carbon dioxide, by 
which it was suggested that this treatment converted 
solid inclusions to a liquid form which could not 
nucleate the melt, The silicate-slime theory has re- 
ceived support from the work of Diepschlag, who 
found that melting in contact with aluminous slags had 
a graphite-refining effect, and melting in contact with 
siliceous slags had a graphite-coarsening effect. Here 
it is interesting to note that Bardenheuer and Rein- 
hardt found that melting under mill-scale tended to 
produce flake graphite and that melting under glass 
tended to produce undercooled graphite. Attempts to 
confirm the findings of these German investigators have 
failed, but a does undoubtedly influence 
the chilling c teristics and graphite size of cast 
iron. 

Considerable difficulty has been experienced in ad- 
vancing the silicate-slime theory further, owing to the 
difficulty of establishing the identity of the particles 
necessary for the theory. Microscopically, cast iron is 
characterised by the almost complete absence of visible 
oxides and silicates, except in the case of mechanically 
entrapped slag. 

By practical experience it was eventually found by 
many investigators that undercooled graphite structures 
were undesirable in high-duty cast irons, particularly 
when some degree of shock-resistance was required. 
This, not unnaturally, led to the development of pro- 
cesses aimed to eliminate the formation of undercooled 
graphite. This was achieved by a procedure now 
referred to as “inoculation,” which involved the 
treatment of the melt with a relatively small amount of 
a substance, generally a graphitiser, immediately before 
pouring. Added in this way, inoculants usually have a 
graphitising influence oak greater than if they are 
included in the melting stock along with the other 
material. In general, the function of an inoculant is 
twofold—it eliminates the possibility of undercooled 
graphite forming, giving flake graphite instead, and it 
reduces the tendency for an iron to chill. 

This latter effect may be the outcome of the first, 
Many inoculants have been used commercially, and 
among the most well known are calcium silicide, ferro- 
silicon, silicon carbide and graphite. Various pro- 
prietary graphitising inoculants have been developed, 
and perhaps the best known is 8.M.Z. This is a 
silicon-m: ese-zirconium alloy containing approxi- 
mately 63 per cent. Si, 6 per cent. Mn, 6 per cent. Zr, 
and 20 per cent. Fe. e precise function of the 
deoxidising elements, manganese and zirconium, is not 
understood, but the addition does in general give better 
results than an addition of ferro-silicon giving the 
same yield of silicon to the metal. Significantly, how- 
ever, the performance of ferro-silicon as an inoculant 
can be improved, both from the point of view of chill 
removal and resultant mechanical properties, by mixing 
with aluminium turnings, and one of the present 
investigators finds this combination even more 
efficacious than S.M.Z. It should be noted that the 
simultaneous addition of aluminium and ferro-silicon 
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has been known to give, for reasons not yet rg mene 
castings with large numbers of blowholes. A feature 
of the inoculating process is the fact that the effect 
tends to disappear by holding the treated metal for 
long periods in the molten condition, and it disappears 
completely on remelting, giving normal chilling and 
undercooled graphite structures. 

Small additions of certain elements, when added to 
the molten metal immediately before casting, uce 
a profound reaction in the tendency to chill without 
necessarily meer undercooled graphite structures. 
Typical examples of this are the elements aluminium 
and titanium. It has been suggested that this effect 
of these elements is due to their deoxidising properties, 
but no experimental evidence has been forthcoming to 
substantiate this view. 

It has been demonstrated by many investigators 
that the eutectic arrest in irons yielding undercooled 
graphite structures takes place at a lower temperature 
than the pone rp. arrest in flake graphite irons. 
This fact, coupled with the formulation of the nuclei 
theories of Von Keil and Norbury and Morgan, led 
gradually to the suggestion that the flake graphite 
structures arose from solidification occurring according 
to stable conditions and the fine undercooled graphite 
arising as the result of undercooling made possible by 
the absence of sufficient or appropriate nuclei. Thus 
far the undercooling theory seems, in the light of 
subsequent work, to be largely correct, but many points 
still remain to be explained. 

It is convenient here to consider briefly the back- 
ground from which the undercooling theory was 
evolved. It is a well known fact that pure substances 
(including pure metals and alloys) can be made, on 
cooling from the liquid state, to undercool the normal 
freezing point until a point is reached when crystallisa- 
tion suddenly begins and the temperature may rise 
rapidly as a result, Undercooling may be prevented 
or minimised by agitation of the melt or by nucleating 
the melt with solid particles, which may be of the 
same, or of a different, composition from the melt. 
It has been shown that, for solutions, the area below the 
normal solubility curve may be divided into two zones. 

When the liquid undercools to a temperature im- 
mediately below the normal solubility curve the super- 
saturated liquid will not crystallise spontaneously, but 
nucleation is necessary to initiate the . Ata 
certain fixed temperature below the solubility curve, 
& point is reached when spontaneous crystallisation 
occurs without nucleation. For binary systems, it is 
frequently possible to draw a curve indicating the tem- 
peratures of spontaneous crystallisation for various 
compositions. This curve is referred to as the super- 
peter y Foie For eutectiferous systems our funda- 
mental knowledge on this subject derives from the 
work of Miers and Isaac, who studied undercooling in 
the simple eutectic system formed by the two organic 
compounds, betol and salol. 

Frequently it has been observed by the present 
authors that austenite dendrites and kish graphite 
occur together in irons of hyper-eutectic composition 
having also fine undercooled graphite. Nipper has 
also shown photographs illustrating this phenomenon. 
An interesting example obtained by the nt 
investigators is illustrated in Figs. 5, 6 and 7. R small 
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sample of pig iron was melted in a outs crucible 
and superheated until saturated with carbon at a tem- 
perature of 1,650 deg. C. The melt was conducted in 
a high degree of vacuum. The resulting ingot was 
sectioned vertically. 

Fig. 5 shows long flakes of kish graphite attached 
to the bottom of the crucible. In this zone these flakes 
of kish graphite had apparently inoculated the melt, 
preventing the formation of undercooled graphite. In 
the upper parts of the ingot a segregation of kish had 
occurred as a result of flotation from the central wnes 
and again no undercooled graphite had formed (Fig. 6). 
In the central zones, where little or no kish remained, 
undercooled graphite had formed and transformed 
austenite dendrites may be seen (Fig. 7). This melt 
had been saturated with carbon at the superheating 
temperature and it is difficult to see how these austenite 
dendrites could have formed except by undercooling. 
Reference will be made to Fig. 7 again in a later section 


of the r. 
_ (To be continued.) 





GROWTH OF THE LONDON CENTRAL LiIve.—The 
Central Line of the London Underground Railways 
was 47 years old on July 30. The line, which was 
opened on July 30, 1900, is now 19 miles in lergth and 
runs from Greenford to Leytonstone. When opened, it 
was 5? miles in length and ran from the Bank to Shep- 
herds Bush; it was then known as the “ Twopenny 
Tube.” The Central Line was extended to Wood Lane 
in 1908, to Liverpool Street in 1912 and to Ealing Broad- 
way in 1920. As noted in our columns at the time, the 
line was extended to Stratford last year, and from 
Stratford to Leytonstone in May, 1947. Within the 
next year or so the line will be extended to West Ruislip 
in the west and to Loughton and Mowbray Park in the 
east. 
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NOTES ON NEW BOOKS. 


Alignment Charts. By M. Krartoutx. D. van Nostrand 
and Company, Incorporated. 250, Fourth-avenue, 
New York, U.S.A. [Price 2.75 dols.] Macmillan 
and Company, Limited, St. Martin’s-street, London, 
W.C.2. [Price 14s, net.] 

In the matter of arrangement and content, this book 
bears much evidence of the author’s long and wide 
experience in the construction of nomographic charts. 
The treatment is both interesting and useful, in that it 
brings under review several theorems in algebra, 
analytical geometry and determinants, and also 
instructs the reader by easy steps in the construction 
and use of the more common and practical types of 
alignment charts. By paying due attention to the 
various factors which enter into the consideration of 
scale, Mr. Kraitchik demonstrates that it is in the 
selection of the method of analysis most aoe 
to a given problem that is to be found one of the most 
important factors in the solution of equations by 
graphical methods. In so far as such methods enter 
into the teaching of applied mathematics, the student 
should realise their value for cases where the quantities 
or functions used as data are derived empirically in the 
form of charts or curves, The justification for this 
point of view is, perhaps, most easily seen in Chapter 9, 
on functions of more than three variables, or in Chapter 
11, on special charts of the kind required on the com- 
mercial side of engineering and in industry generally. 
Throughout the work, the reader should retain a 
— grasp of the successive steps in the process, 
since the arrangement of the subject-matter provides 
him with a clear perspective and mastery over the 
method. The discussion on the choice of different 
representations given in Chapter 10 deserves mention 
as a suggestive introduction to the classical and more 
comprehensive works of d’Ocagne and Soreau on 
nomography. In these and other ways, the text and 
illustrative examples which characterise the book 
provide a systematic control over graphical processes 
that is of great value in the fields of engineering, 
chemistry, industry and finance. 


The Examination of Colliery Ropes in Service. Issued 
by the Safety in Mines Research Board. H.M, 
Stationery Office. [Price 4d. net.] 

Ir is stated in the most recent annual report of the 

Safety in Mines Research Board that the examination 

and maintenance of winding Topes is a good, 

and that for haulage ropes it is “ generally m rately 
satisfactory but surprisingly bad in some instances.’’ 

The more careful attention given to winding ropes is 

no doubt to be explained partly by a realisation, 

by those concerned with their maintenance, of the 
possibly serious nature of a break, but it is undoubtedly 
also due to the fact that daily and monthly examinations 
of such ropes are required by the legal regulations. This 
instruction book, intended for those responsible for 
this maintenance, makes this quite clear, but in the 
case of haulage ropes can only say that the similar 
examination of haulage ropes “is good practice.” 

There is no need to criticise the booklet on the score 

that some 23 pages are devoted to winding ropes and 
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less than two to haulage ropes, but a more prominent 
insistence on the importance of the latter might do 
something towards eliminating the “ surprisingly bad " 
cases. The booklet, which contains clear and specific 
instructions about inspection and maintenance proce- 
dure, is a reprint of the 1938 edition. It has been 
re-issued in 1947 presumably because earlier stocks were 
exhausted, but this reprinting is evidently only a 
temporary measure as the Board’s annual report states 
that “‘a more complete one is now being pre = 
Possibly this will deal with haulage ropes more fully. 


British Catalogue of Plastics. General Editor, E. 
Motioy. Published by the National Trade Press, 
Limited, House, Russell-street, Drury-lane, 
London, W.C.2. [Price 50s. net.] 


THE great and ex range of plastic materials 
now in commercial use, and the diversity of trade 
names under which they are marketed, might comprise 
of themselves a catalogue of considerable interest and 
value. This book, however, is very much more than a 
mere lists of names, and its claim, implied in the sub- 
title, to be “ an encyclopedia of the plastics industry 
for all users of plastic materials,” is justified by the 
comprehensive scope and consistently high quality of 
its contents. The pri object of its compilers, ably 
furthered by Mr. Molloy’s general editorship, has been 
to guide consumers of raw materials and finished 
products in selecting the types and grades of tics 
most suited to specific purposes. With this underlying 
motive, nearly 40 specialists associated with the plastics 
industry and its technical societies have contributed 
well over a hundred concise and authoritative accounts 
of the composition and properties of plastic substances 
and of the methods employed in testi 
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586,708. Retractable Undercarriage. The Fairey 
Aviation Company, Limited, of Hayes, Middlesex, and 
H. E. Chaplin, of Kenton, Middlesex. (3 Figs.) Jan- 
uary 22, 1946.—The invention enables a clean wing 
profile to be presented when the undercarriage is raised 
without the use of hinged doors, which are liable to 
become jammed. An oleo leg a is mounted by a universal 
joint on a bracket ¢ projecting from the front spar of 
the wing d. It is turned through about 90 deg. on its 
axis as it is raised, so that the wheel ¢ is brought into 
the general plane of the wing d. Surrounding the oleo 
leg @ is a sleeve f, which cannot rotate, and near the 
bott of the sleeve is pivoted the lower end of a two- 





ing, moulding, 
otherwise fabricating, and, finally, igni 
finishing them for use over a wide field of applications. 
The text includes descriptions of modern manufac- 
turing machinery and auxiliary equipment for such 
operations as high-frequency heating and welding, 
radiological examination, and the control of chemical 
processes. Attention is also given to present trends 
in 2 ors research, with special reference to the poten- 
tialities of recently developed insulators and adhesives. 
The proportion of undisguised advertising matter is 
small, and the few pages devoted to trade directories 
rather enhance the merits of the book as a work of 
reference. The contents include also a phonetic glossary 
of scientific terms, a profusion of illustrations, many 
conveniently tabulated data, and several good indexes. 


The Marconi Company. Marconi’s Wireless Telegraph 
Company, Limited, Chelmsford. 
THis commemorative brochure has been issued to 
mark the fiftieth anniversary of the establishment of 
the Marconi Company, as it was on May 13, 1897, 
that trials with the method of telegraphy without wires, 
with which the inventor’s name will always be con- 
nected, were carried out in the Bristol Channel between 
Lavernock Point and Flat Holm, and Lavernock Point 
and Brean Down. The company itself was founded on 
July 20 of the mane year and continued as an inde- 
pendent concern for 31 years before becoming of 
Cable and Wireless (Holding), Limited. The be de 
gives an interesting account of Marconi’s early work, 
which may be said to have culminated in the trans- 
mission of wireless signals across the Atlantic in 
December, 1901. It goes on to deal with the inven- 
tion of the horizontal directional aerial, the ic 
and crystal detectors and the adaptation of Fleming’s 
thermionic valve to radio communication. The pioneer 
work carried out towards the establishment of an 
Imperial Wireless Chain is described, as is the work 
done during the first world war to develop the employ- 
ment of wireless a tus in many fields. Attention is 
rightly directed to the part played in the progress of 
radio-communication by aa of beam aerials and 
short wavelengths, since these led to the abandonment 
of the long-wave system for long-distance working, 
thereby effecting a great saving both in power con- 
sumption and in cost. The importance of the researches 
carried out by the company in the fields of marine 
and, later, aerial communication, as well as in those of 
telephony, broadcasting and television, is stressed. 
tailed criticism of such a production is neither 
fitting nor necessary; we can and do offer congratu- 
lations to the Marconi Company and express hopes for 
. further period of usefulness in the near and distant 
uture. 





MARINE CRANKSHAFTS FROM OZECHOSLOVAKIA.—When 
requested by the British Embassy in Prague if they 
could speed up the production of crankshafts for two 
new colliers being built by the Burntisland Shipbuilding 
Company, Limited, Burntisland, Fife, for the Fulham 
Corporation, London, the Ozechoslovak Ministry of 
Foreign Trade arranged for the Skoda Works in Pilsen 
to complete one of them 11 weeks ahead of schedule. 


and | part knuckle-jointed strut formed of upper convergent 


elements A knuckle-jointed to lower convergent elements 
k, the latter being pivoted to the sleeve f. The upper 
ends of the elements A are keyed to a spindle rotatable 
in bearings in a bracket n on the front spar. Also keyed 
to this spindle is an arm o, the free end of which is 
pivoted to the piston rod p of a hydraulic jack, the 





cylinder g of which is pivoted to the rear spar of the 
wing d. Operation of the jack causes the knuckle- 
jointed strut to fold and raise the oleo leg a, the wheel ¢ 
being turned, at the same time, through about 90 deg. 
on the axis of the leg. Attached to the front of the 
lower element k of the knuckle-jointed strut is a fairing s, 
shaped to close the orifice of the recess in the wing d 
in which the folded strut is housed and attached to the 
sleeve f, surrounding the oleo leg a, is another fairing t, 
which is U-shaped in section partly to surround the 
oleo leg a and sleeve f, and to form a blister closure for 
@ recess in which the oleo leg a and sleeve f are housed. 
The fairing ¢ is provided with rubber beading at its 
edges and when in its raised position it not only fite 
against the under surface of the wing d, but also fits 
against the fairing s, which closes the orifice of the recess 
in which the folded strut h, k is housed, the stub axle 
and wheel ¢ forming the fairing for the recess in the 
wing in which the wheel is housed. (Accepted March 27, 
1947.) 


MOTOR VEHICLES. 


586,514. Trailer Brake. Glover, Webb and Liversidge, 
Limited, of London, and L. W. Evans, of Ware, Hertford- 
shire. (2 Figs.) December 9, 1943.—The invention 
enables the brakes to be lied synch ly to both 
@ tractor and its trailer, when both vehicles are provided 
with hydraulic brakes. The main feature is that the 
king pin, which provides an articulated coupling between 
the tractor and the trailer, is hollow, and contains a 
hydraulic cylinder and piston, supplying oi] under pres- 
sure to the brakes of the trailer. Into the hollow king 
pin 3 is screwed a sleeve 2a forming a chamber for a 
main piston 4 and sealed at the top by a plug 5. A helical 
compression spring 6 is placed between the main piston 4 
and the plug 5. The plug 5 has a circumferential channel 
which communicates with the oil feed 8 to the trailer 











brakes. An axial duct in the plug is fed from an oj] 
reservoir 9a through an orifice 10a in the plug 5. The 
axial duct delivers into a chamber 10 and thus into the 
space between the plug 5 and the main piston 4. 4 
passage 12 in the plug 5 connects the space with the 
channel. The axial duct can be closed against the 
tension of a spring 13 by a valve 14 carried on one end 
of a rod, the other end of which is provided with a 
collar 16. The collar is a sliding fit in the piston 17, 
Oil can leak between the collar 16 and the piston 17 to 
open the cut-off valve 14 from the reservoir. The end 
of the piston 17 is screwed into the main piston 4 so that 
parts 4 and 17 are rigid. The main piston 4 is moved 
by a roller 19 running on a cam 20. This cam ig 
moved by a piston working in a cylinder supplied with 
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oil from the tractor brake system. In operation, the 
application of the brake to the tractor wheels causes 
the cam 20 to act on the roller 19, which transmits 
pressure to the main piston 4. Thus hydrostatic pressure 
is exerted on the oil above the piston 17 and is communi- 
cated to the oil below the collar 16 to raise it and the 
spindle and close the valve 14. Further rise of the main 
piston 4 transmits hydrostatic through the 
passage 12, 8 to the trailer wheel brakes. When the 
pressure in the tractor brake is relaxed, the spring 6 
forces piston 17 down and relieves the pressure below 
the collar 16, which falls, thereby opening the passage 
and allowing oil to pass from the reservoir 9a to the 
space between the plug 5 and the main piston 4. 
(Sealed.) 





MISCELLANEOUS. 


585,431. Dust-Excluding Bearing. The Railway 
Appliances Company, Limited, of Surbiton, and A. Cullen, 
of Surbiton. (3 Figs.) October 25, 1944,—The invention 
excludes dust from the working surfaces of a shaft 
bearing where, in addition to sliding and rotating move- 
ment of the shaft, movement in the bearing in a direction 
transverse to its axis occurs as the result of stress to 
which the shaft is subjected. Dust excluders previously 
employed have had the disadvantage that they cause 
jamming of the shaft or have no provision for transverse 
movement. The shaft 1 is mounted in a bearing 2 
having a spherical outer surface and mounted in 4 
housing secured to the bearing support 4. To exclude 
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dust from the working surfaces of the parts, two dust- 
excluding washers 5 are provided, one at each side of 
the bearing. These washers are of felt and fit the shaft 1. 
Cemented to each of their faces is a rigid supporting 
plate 6. <A leather gaiter 7 is cemented at one end to 
the outside surface of each washer and at the other end 
to the bearing support. The supporting plates 6 bonded 
to the sealing washers 5 overcome the tendency of the 
shaft in ite longitudinal movements, to draw in the 
edges of the washer and to cause distortion of the washer 
and excessive friction between it and the shaft. 
(Accepted February 6, 1947.) 
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